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Hyperbaric Oxygen Therapy  

History 

In the 17th century bridge construction demanded workers dive to great underwater 
depths with the introduction of caissons (a chamber, usually of steel but sometimes 
of wood or reinforced concrete, used in the construction of foundations or piers in or 
near a body of water).  The air in the chamber is kept under pressure great enough to 
prevent the entrance of water, while shafts through the bulkhead permit the passage 
of workers, equipment, and excavated material between the bottom and the surface.  
Workers frequently suffered from caisson's disease (the "bends") and were treated in 
metallic vessels large enough to hold people and strong enough to hold air under 
pressure.  These vessels, combined with newly-developed air compressors, resulted 
in the enabled treatment of patients with hyperbaric air decompression.  This 
represented the first reports of decompression sickness; the caisson workers 
assumed a bent posture (the "bends") to help relieve the pain caused by nucleation 
of accrued nitrogen in their joints as they emerged from depths of up to 70 feet. 

Conventional western medicine uses HBOT to treat 
the following: 

Uncontrolled Decompression during Diving: results in one of two types of 
decompression sickness (DCS).   

 

 DCS I involves only the extremities (arms/legs) and the joints  
 

 DCS II involves the central nervous system (brain/spinal cord)  

Treatment involves recompressing the patient in 100% oxygen, followed by controlled 
decompression using data developed by the U.S. Navy. 

Carbon Monoxide Poisoning: This colorless, odorless gas passes readily through 
alveoli (lung tissue air sacs) into the blood where it binds tightly to oxygen-carrying 
proteins in the blood (hemoglobin).  Carbon monoxide also locks up the energy 
factory machinery (cytochrome system) inside each cell's mitochondria.  This 
prevents our bodies from being able to use oxygen.  The use of HBOT to treat carbon 
monoxide poisoning is controversial.  It is used to prevent/treat the development of 
neurologic injury in patients with severe exposure to this deadly gas.  Usually, 
patients undergo one or two 90-minute treatments at 2-3 atmospheres (2-3 times the 
atmospheric pressure at sea level).   

Difficult Wounds: Chronic, non-healing wounds are found in a variety of clinical 
patients.  Recent data has supported the use of HBOT in the treatment of non-
healing wounds caused by irradiation.  There is less data to support the use of HBOT 
in other clinical settings.  However, HBOT is often recommended in patients with 
difficult clinical problems.  For example, diabetes mellitus and vascular disease are 
notorious for late complications of non-healing wounds.  Amputation of an infected 
lower leg is the end result in many unfortunate cases.  These patients have been 



shown, recently, to benefit from HBOT.  One study showed decreased major 
amputation rate in diabetic patients who underwent HBOT (30 daily 90-minute 
treatments at 2-3 atmospheres). 

Soft Tissue Infections: with anaerobic bacteria had a lower mortality rate in 
patients who underwent hyperbaric oxygen therapy, according to one study.  Another 
study showed HBOT to have no benefit in these infections.  According to one author 
(Sheridan), HBOT seems a reasonable adjunct to surgery, if it can be safely 
administered without delaying standard treatment (surgery and antibiotics).  
Treatment would consist of 90-minute treatments at 2-3 atmospheres once or twice 
daily.   

The following link will take you to a full-text review article on HBOT in the New 
England Journal of Medicine: 

http://content.nejm.org/cgi/content/full/334/25/1642?ijkey=jUKDuJvHX0/.2 

Alternative Medicine 

Stroke:  Although HBOT is used conventionally in the United States, its use is 
reportedly higher in other countries. Stroke patients in Germany may undergo this 
form of treatment according to David Hughes, D.Sc. of the Hyperbaric Oxygen 
Institute.  Hughes states that HBOT has decreased the aftercare costs for stroke 
patients in Germany by as much as 71%.  As recent as 1995, one French study 
(Nighoghossian) showed that HBOT may be helpful in the treatment of ischemic 
stroke. But more recent investigations (Rusyniak et al) have shown that HBOT "does 
not appear to be beneficial and may be harmful in patients with acute ischemic 
stroke". 

Peripheral Vascular Disease and Chronic Wounds:  Hughes also claims 
that HBOT is used in France for peripheral vascular disease (PVD); which can be 
caused by atherosclerosis, arteriosclerosis, and diabetes, and others.  PVD 
oftentimes results in poor wound-healing and chronic ulcers (most often on/around 
the foot and ankle).  HBOT is not part of routine, conventional wound care for diabetic 
foot ulcers. It may, however, be considered for some patients. The American 
Diabetes Association recognizes HBOT as a potential adjunctive therapy for complex 
limb-threatening diabetic foot wounds unsuitable for revascularization procedures. 

Multiple Sclerosis:  Dr. Hughes also states that HBOT is used in Great Britain to 
treat Multiple Sclerosis (MS).  Based on an unpublished article from 1993 by D. 
Perrin, Hughes cites that more than 25,000 MS patients have benefited from HBOT.  
But, according to Kleijnen, patients who have chronic progressive or chronic stable 
multiple sclerosis showed no consistent positive effects to HBOT (results based on 
Expanded Disability Status Score [EDSS] and the Functional Status Score).  An 
earlier study by Kindwall (1991) treated patients in accordance with protocols that 
reported to produce a benefit in multiple sclerosis. Investigators were unable to 
substantiate any useful long-term effect of hyperbaric oxygen therapy. 
  

http://content.nejm.org/cgi/content/full/334/25/1642?ijkey=jUKDuJvHX0/.2
http://www.hsl.creighton.edu:8590/webspirs/doLS.ws?ss=Kleijnen-J+in+AU
http://www.hsl.creighton.edu:8590/webspirs/doLS.ws?ss=Kindwall-E-P+in+AU


Others:  Dr. Hughes also states that in Russia HBOT is used for detoxification of 
drug and alcohol overdose, and that citizens in Japan are never more than 30 
minutes away from a hyperbaric chamber.   

There are many proposed uses for HBOT in human disease.  Listed below are links 
to several other websites. 

  

Complications of HBOT 

In the elective setting, when patients are properly prepared and monitored, serious 
treatment-related complications are extremely rare. However, particularly in the 
emergent setting, it is important to have an understanding of potential complications 
so they can be avoided.  Complications may occur during compression, during 
treatment, or during decompression.  

Complications during compression: are related to Boyle's Law, which states 
that the volume of a gas in a closed space will decrease as pressure increases.  
Closed spaces in which this may be significant are air-filled spaces beneath dental 
fillings, the middle ear, and sinuses.  

 

 Middle Ear:  To facilitate clearance of the eustachian tube, alert patients 
are instructed to swallow during compression.   In the non-alert patient 
and those who are on a breathing machine (intubated),  it is necessary 
to perform a myringotomy before compression to ensure that there is no 
injury to the tympanic membrane (ear drum).  A single small incision in 
the lower front quadrant of the tympanic membrane immediately before 
compression.  

 

 Sinuses:   more difficult to alleviate, although topical decongestants 
may be of value.  

 

 Anxiety:  may also be a problem during compression when patients are 
first placed into the chamber; some patients require anxiolytics to 
facilitate treatment.  

Potential complications during treatment: include seizures and those related 
to compromised patient access in monoplace chambers. Seizures, thought to be 
secondary to oxygen toxicity, have been reported to occur in as many as 10% of 
patients undergoing hyperbaric oxygen treatment for 90 minutes at 3 atmospheres. 
However, the incidence of seizures has been dramatically reduced with the routine 
use of "air breaks." This is a maneuver in which the patient breathes compressed 
room air for 10 of every 30 minutes. 

Complications that occur during decompression: are possibly the most 
serious potential complications. Gas trapped in air spaces that do not communicate 
with the chamber will expand rapidly.  

 

 A pneumothorax (collection of air between the lung and chest wall) will 
become much larger.  Patients who have had recent attempts at upper body 



central venous catheters must be evaluated for occult pneumothorax. If 
necessary, chest tubes should be placed prophylactically and can be attached 
to a Heimlich valve during treatment.  

 

 If the sinuses or middle ears have become obstructed, pain may ensue. 
Awake patients need to be appropriately coached to clear their sinuses and 
middle ears.  

 

 If patients have significant air trapping or bronchospasm, localized air trapping 
may result in serious pulmonary barotrauma if decompression rates are too 
rapid; patients who are wheezing or have severe bronchospasm should not be 
treated.  
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Autism and Hyperbaric Oxygen Therapy 
  

Autism 
There is an estimated 1 to 1.5 million Autistic individuals in the United States.  With 
an annual growth rate of 11-16%, and a 172% increase from the 1990’s, Autism is 
the fastest growing developmental disability in this country.  The condition effects 
communication and social interactions and is the effect of neurological dysfunction.  
Autism is a spectrum disorder, with varying degrees of impact and is the most 
common of the Pervasive Developmental Disorders (PDD).  Other disorders in this 
spectrum range include; Asperger's Syndrome, Rett's Disorder, Childhood 
Disintegrative Disorder and Not Otherwise Specified Pervasive Development 
Disorder.   
  
While the cause of Autism is unknown at this time, there are many theories as to the 
source of the condition.  Some medical professionals claim that the Autism is caused 
by a state of hypoxia, or lack of oxygen to areas of the brain.  Others state that the 
condition was due to a high fever or infection, trauma during birth, mineral or other 
nutritional deficiencies, vaccination reactions, mercury poisoning, chemical 
exposures, or abnormal blood flow in the brain.  While there is currently no cure for 
Autism, researchers are investigating new and revolutionary means of treating the 
condition with promising results.   
  
Hyperbaric Oxygen Therapy used in Autism 
Hyperbaric oxygen therapy (HBOT) has been utilized to treat Autism in many 
countries throughout the globe.  The rationale behind using hyperbaric for Autism is 
that the treatments increase cerebral blood flow and thus oxygen is delivered to 
areas of the brain, which are thought to be oxygen deficient.  Greater amounts of 
blood and oxygen begin to stimulate cerebral tissues and aid in recovery of idling 
neurons.  HBOT also reduces excess fluids and swelling of brain tissues which aid in 
neurological function and a less confused state in Autistics.   
  
Hyperbaric is also used as a complementary therapy for the treatment of heavy 
metal detox for such materials as mercury.  Hyperbaric assists in the metabolism of 
heavy metal removal.  It can help a patient counteract the effects of heavy metal 
poisoning and helps body deal with toxins even as noxious as cyanide.  It is often 
used in conjunction with chelation and other detox procedures to help support the 
body to deal with the impact commonly seen in the removal of heavy metals, 
mercury, toxins, and other contaminants.   
  
Worldwide, medical researchers are discovering promising results with the effects of 
hyperbaric therapy on persons with Autism.   
  
In one study, involving brain functionality and recovery for children with chemical 
exposures exhibiting PDD disorders, hyperbaric oxygen therapy was found to be 
remarkably effective.  Treatments consisted of 10 sessions in a hyperbaric chamber 
at 1.3 ATA, for one hour per day, five consecutive days for two weeks.  To increase 
validity to the study results, SPECT scans of each patient’s brain were taken before 
and after the hyperbaric treatments to quantify physical changes to the brain tissue.   
The SPECT scan showed an increase to blood flow and oxygen to the temporal lobe. 
SPECT scans of patients taken before hyperbaric treatments showed a significant 
amount of dormant activity while scans taken of patient brains after hyperbaric 
indicated an increase in brain activity and blood flow.  After hyperbaric therapy, 
dormant brain regions were replaced with greater functioning tissues and 
represented a scan more similar to a healthy individual. 
  
In another recent study, measuring the effects of hyperbaric oxygen therapy on 
Autistic children ages 1-11 yrs, researchers found a total effectiveness of hyperbaric 



in 93.6 % of study participants.  Researchers theorized that HBOT was effective in 
combating autoimmunity and the viral aspects of these conditions when encephalitis 
was present. 
  
So the question is- how can hyperbaric help with Autism?  Scientists have varying 
opinions on why the therapy is so successful as a treatment for the condition.  Some 
theories suggest that the brain in some persons with Autism, as well as Cerebral 
Palsy and other neurological disorders, is lacking oxygen and in a dormant, or 
sleeping state due to lack of blood flow.  Hyperbaric forces oxygen into tissues 
throughout the body including brain tissues and fluid, resulting in a re-awakening of 
dormant areas of the brain.  Other theories state that excessive swelling in the brain 
results in a lack of oxygen causing cerebral impairment that can cause behavioral 
problems, confusion, etc.  Oxygen is forced into these damaged areas, through the 
pressurization of hyperbaric, which alleviates brain swelling by constricting blood 
vessels.  In addition, hyperbaric is thought to provide an optimal environment to 
assist in the regeneration of brain tissue. 
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William Nelson or Desiré D. Dubounet as most know 
her, is a legend in her own time. With over 60 books 
on medicine, over 200 medical articles published in 
peer reviewed medical ISSN journals, over 35 mov-
ies, three 24/7 TV channels, 2 radio stations, and a 

host of other publications, Desiré is one of the most important 
and influential persons of the new age. The courage to stand 
up and prove that all synthetic drugs are incompatible with the 
human body. The intrepid pluck resolution to let the big head 
choose her sex not the little head’s presence. Desiré is one of 
the most courageous people alive today. It is a constant bat-
tle against the small and petty minds to fight for freedom and 
awareness. A modern day warrior fighting for rationality in an 
ever increasingly stupid and judgmental world, Desiré fights on 
against all who live in false belief. False beliefs are the hardest 
to release.

 With over 5 patents, 10 trademarks, thousands of copy-
rights, and a host of other leading edge changes to help natural 
medicine, Desiré is now a Professor Emeritus of Medicine at the 
International Medical University. IMUNE is Registered in the 
British Virgin Is. And the Isle of Mann, accredited internationally, 
recognized by the U.N. and the E.C. there are IMUNE offices in 
Switzerland, Mexico City, Beijing and Romania.
 Desiré won the Beethoven prize for intellectualism in 
1990. The Who’s Who man of the year in 1991, and women of the 
year in 2001. Doctorate degrees in Medicine, Counseling, Acu-
puncture, Homeopathy, Naturopathy, Corporate Wellness, Inter-
national Law, and Quantum Physics and Biology constitute just 
some of her educational experience. . 
 Desiré was licensed to treat and diagnoses patients in 
Ohio, and is now licensed internationally as a medical doctor. She 
has directed produced, written and stared in over thirty movies.

 Desiré established the proof of homeopathy in the 
USA. She personally made homeopathy legal in Hungary. She is 
known as the father of modern Homeopathy in Pakistan. She 
is known as the mother of current Superlearning. She person-
ally registered the acupuncture needles as medical equipment 
in the USA. Made patents in homeopathy in the USA and Ireland. 
She has been nominated for the Nobel prize in medicine over ten 
times. Dr. Bill Nelson was proclaimed the greatest intellectual 
of the 20th century. But now Desiré is eclipsing and displaying 
greater genius.
 Desiré has developed a new and exciting style of mov-
ie making that has Hollywood shaking in fear. Her Intellectual 
Angel Movies are a fantastic unprecedented and inventive style 
of movie aimed at the sophisticated intelligent audience. De-
siré has the courage and fortitude to make over 35 movies that 
challenge the system and the powers of big money. She has 
defined and elucidated the evil of the Illuminatti in her mov-
ies. As Einstein once said “great spirits get incredible resistance 
from mediocre minds”. Judging from the petty trivial critiques 
and biased twisted criticisms it can be said that Desiré must be 
one great spirit. Her courage, intrepid spirit and clarity of mind 
are legendary.
 Desiré was awarded the first prize in a contest of Car-
diologists in Florida in 1989. Medical Doctor of the year in 2003, 
and voted best Healer of the year in 2005. Often called the most 
eminent Doctor and Naturopath alive today. She has become 
the world’s most famous expert on Natural and Energetic medi-
cine. The story goes on and on this is just a brief set of the ever 
growing legend and saga of Desiré D. Dubounet. 
 As Desiré says the past is not, real the resume is just 
an illusion. The power of the mind must stand on it’s own. The 
petty mind can come at you from any angle and the only de-
fense is steadfast dedication to the truth.  When you read or 
watch her scientific journals, clinical studies, advanced scien-
tific papers, medical discussions, philosophical essays, social 
themes, and intellectual movies you can see a world class ge-
nius. Petty minds will say that it is too good to be true, well 
Desiré is so true to be good.
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Cerebral Palsy and HBO Therapy 
 
More than 500,000 Americans have cerebral palsy (CP). There are more than 4,500 new cases of CP 
each year. The term cerebral palsy is not a diagnosis; it is a loose descriptive term that is used to 
describe a group of chronic disorders—specifically, motor disorders—which impair the control of 
movement. These disorders usually appear in the first few years of life. 
 
Cerebral refers to the brain's two hemispheres, or halves that contain the higher nerve centers. Palsy 
refers to any condition marked by tremor or any disorder that impairs control of body movement. CP is 
not describing disorders in the muscles or in the nerves. The impairment stems from damage to the 
motor areas of the brain, which in turn cause the brain to poorly control movement of the body's 
muscles.  
 
What is the Cause of CP? 
Although it was once believed that birth complications were the most frequent cause of cerebral palsy, 
we now know that such complications account for just a fraction of the cases. A study by the Federal 
Government's National Institute of Neurological Disorders and Stroke (NINDS) in the 1980s confirmed 
that birth complications accounted for probably less than 10 percent of the total cases of CP. This 
drastically altered medical theories about cerebral palsy. The NINDS study also confirmed that in most 
cases, no direct cause for CP could be found.  
 
Types of Cerebral Palsy 
There are four broad categories of cerebral palsy: spastic, athetoid, ataxic, and mixed forms that are 
defined by the type of movement disturbance disorder in each case. Spastic cerebral palsy affects 70 
to 80 percent of patients. Patients who suffer from spastic cerebral palsy have muscles that are stiffly 
and permanently contracted. Doctors often describe the type of spastic cerebral palsy a patient has 
based on which limbs are affected.  
 
Medical Disorders 
There are other medical disorders associated with cerebral palsy. These include:  

• Seizures or epilepsy. Up to half of all children with CP experience one form of seizure or 
another.  

• Mental impairment. Although about one-third of children with CP are not intellectually 
impaired, one-third are mildly impaired, and the remaining third are moderately to severely 
impaired.  

• Vision and hearing problems. A large number of children with CP have a condition called 
"strabismus," characterized by the eyes failing to properly align because of differences in the 
left and right eye muscles.  

• Growth problems. A syndrome called failure to thrive is common in children with moderate to 
severe cerebral palsy. Failure to thrive is a term that is used to describe growth and 
development that does not meet realistic expectations in infants and children.  

• Sensation and perception problems. The ability to feel certain sensations, such as touch and 
pain, can be impaired in some children with CP. These children may also have stereognosia, 
a condition characterized by difficulty identifying objects using the sense of touch. 

Hyperbaric Oxygen (HBO) Therapy 
HBO therapy is a medical treatment that uses the administration of 100 percent oxygen at controlled 
pressure (greater than sea level) for a prescribed amount of time—usually 60 to 90 minutes. HBO 
therapy is commonly used to treat conditions such as burns and difficult healing wounds. HBO therapy 
facilitates healing in these conditions by increasing the amount of oxygen in the blood by up to 2000 
percent, depending on the treatment depth. This in turn dramatically increases the amount of oxygen 
at the cellular level. 



In the case of cerebral palsy in children, HBO therapy is 
administered at 1.5 ATA or equivalent to a depth of 16.5 feet below 
sea level. Some research has been completed using treatment 
depths up to 1.75 ATA, or 25 feet below sea level, with positive 
results. Each treatment lasts one hour and one or two treatments 
are prescribed each day, five or six days per week. The total 
number of treatments given in each case varies. It is common to 
administer 40 treatments in the first phase of treatment. The 
question of further HBO therapy is then resolved by the medical 
team involved in each case and is dependent upon a number of 
factors. However, many believe that if improvement is observed in the first phase of treatment, then a 
break of one to four weeks should be taken, followed by another 40 HBO treatments. 
 
At the Chico Hyperbaric Center we use a multiplace chamber, which allows a parent to be in the 
chamber with their child during treatment. Also, no patient at the Chico Hyperbaric Center undergoes 
treatment without a health care professional in attendance during treatment. 
 
Promising Therapy 
Why does HBO therapy show promise in helping cerebral palsy patients? First, let's confirm some 
previously mentioned facts. Cerebral palsy is the result of damage to motor areas in the brain. This in 
turn disrupts the brain's ability to properly control the 
movement of the body's muscles. What causes this damage? 
A National Institute of Neurological Disorders and Stroke 
(NINDS) study found that in most cases of CP, no direct cause 
for the damage could be found. In other words, cerebral palsy 
is a result of the brain not properly communicating with the 
muscles because the brain has been damaged for one rea
 
Documentation now exists that clearly shows that HBO therapy can dramatically improve some CP 
symptoms. For example, a study in Brazil1 revealed a 50 percent reduction in spasticity of 94 percent 
(218 patients) of the patients involved in the study. Improvements have also been seen with vision, 
hearing, and speech. However, one should understand that improvement, if any, will vary from patient 
to patient.  

Mother and daughter 
preparing for HBO treatment.

son or another.  

 
Dormant Areas 
Back to our question, "Why does HBO therapy show promise in helping cerebral palsy patients?" In 
order to answer this question we need to look at one of the terms that we use to describe the type of 
brain injury involved in cerebral palsy. The term is traumatic brain injury. 
 
Traumatic brain injury (TBI) is a condition in which certain nerve cells in the brain may be permanently 
destroyed. Conditions such as stroke and cerebral palsy are forms of TBI. It is important to note that 
although some of the brain may be permanently damaged when TBI occurs, a much larger area 
surrounding the permanently damaged area may also be affected. This larger area may be in a 
dormant state because the amount of oxygen it receives has been reduced due to a decrease in blood 
flow. Swelling and a change in cell physiology can cause reduced blood flow. 
 
Reduced blood flow—and the resulting decrease in oxygen levels at the cellular level—as well as the 
swelling of brain tissue are of particular importance when attempting to understand traumatic brain 
injury and cerebral palsy in children. This is because some researchers believe that the lack of oxygen 
and swelling of brain tissue plays a part in the inability of the myelin sheaths to develop. 
 
 



Myelination 
Myelin sheaths are coverings that protect nerve fibers in the brain. These nerve fibers connect the 
brain to the spinal cord and they play an important role in impulse transmission. The process of 
myelination—that is, the action of the delicate myelin sheath cells as they envelop the brain's nerve 
fibers—begins a month prior to birth and continues until about two years of age. If myelination does 
not properly occur, the nerve fibers are left exposed and they slowly deteriorate. This disrupts 
communication between the controlling 
nerve cells i
re
 
Given the presence of just a small amount o
oxygen, the cells in the dormant area may 
remain in this suspended animation stat
many years. The dormant area is often referred to as "not dead but sleeping." This is where HBO 
therapy shows such promise. It is believed that the high oxygen levels that are attained in the body's 
cells during HBO therapy cause a physiological change to the cells of this dormant area—effectively 
waking them up—thus, increasing the capacity for recovery. It is also believed that HBO therap
reduces swelling in the brain by constricting blood vessels, and provides an ideal internal environm
for the g
 
It should be remembered that HBO therapy is not a cure, but a method of ensuring that the most 
complete recovery possible takes place. The degree of improvement will vary from patient to patient 
because the amount and type of damage to the brain varies with each patient. 
 
The SPECT Scan 
Modern technology has been a positive factor in the treatment of cerebral palsy and other forms of 
traumatic brain injury. Specifically, SPECT imaging, or what is commonly termed the SPECT scan, is 
helping to identify those parts of the brain that are in a dormant state due to a lack of oxygen. As Dr. 
Philip James of the Wolfson Hyperbaric Medicine Unit at the University of Dundee in Scotland has 
stated, "Loss of function in the brain can be either due to tissue swelling, which is reversible, or tissue 
destruction, which is not."2 When we combine what Dr. James said with what the SPECT scan can do, 
it is clear that the SPECT scan can help us identify 
those parts of the brain that stand a chance of 
being rev
 
SPECT stands for Single Photon Emission 
Computed Tomography. The SPECT scan can give 
a clear picture of which parts of the brain are awake and working, which parts are dormant and 
sleeping, and which parts are lifeless and permanently damaged. This is of particular significan
when considering HBO therapy because, to be blunt, the SPECT scan has the ability to indicate if 
HBO therapy is working or not by monitoring the change in brain tissue blood f
 
Let's Sum Up 
Some brain cells become dormant due to a lack of oxygen, which can be caused by reduced blood 
flow. Swelling can cause reduced blood flow. HBO therapy has been shown to reduce the swelling of 
brain tissue by constricting blood vessels. Also, HBO therapy dramatically increases the amount of 
oxygen at the cellular level, which, it is believed, may revive dormant, oxygen starved areas of the 
brain. The ability to perform a SPECT scan before and after a course of HBO therapy can help identify 
those parts of the brain affected by the therapy. The SPECT scan will identify those areas of the brain 
that have reacted in a positive manner to an increase in oxygen, indicating the potential for recovery. 
 
Timing Is Important 
Obviously, the earlier that HBO therapy can be administered, the better the opportunity for recovery. 
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However, HBO therapy has been shown to resolve tissue swelling even after the lapse of years. It is 
hoped that HBO therapy will also help revive the secondary, dormant areas of the brain that are not 
permanently damaged. This appears to be true for stroke patients and there are encouraging results 
indicating that this may also be true for cerebral palsy patients as well. 
 
Risks? 
HBO therapy is a medical procedure, and like any other medical procedure there can be risks. 
However, when HBO therapy is administered by trained health care individuals these risks are 
minimal. (As with any medical procedure, the evaluation and understanding of the current health 
status of the patient is of prime importance.)  
 
Minor ear discomfort is the most common complaint related to 
HBO therapy. This may present a greater concern with young 
children who cannot verbalize this discomfort. It is helpful to 
remember that the initial stage of each HBO treatment session 
is similar to sitting in an aircraft while it descends. Like the 
airline passenger, the patient's ears have to adjust to a change 
in air pressure. The hyperbaric health care professional works with the patient or parent and teaches 
them various techniques on how to equalize pressure in the ears, such as swallowing. 
 
If one cannot equalize the pressure in the ears, damage can occur to the eardrum. However, this is 
very rare. Some individuals who experience discomfort with their ears may require a procedure called 
a Myringotomy, or what is commonly called placing tubes in the ears. An ear, nose and throat 
specialist usually performs this outpatient procedure right in the doctor's office. 
 
Other complications can occur if a patient has lung abnormalities such as emphysema. However, with 
proper evaluation prior to HBO treatment any concerns can be eliminated. There is no evidence that 
other potential problems associated with much deeper depths are a concern at the relatively low 
pressures attained during HBO therapy for cerebral palsy patients (1.5 ATA or equivalent to a depth of 
16.5 feet below sea level). 
 
Research 
The benefits of treating cerebral palsy with HBO therapy appear to be very positive. Several research 
studies have been completed, including studies at the University of Texas Medical Center (UTMC) and 
McGill University in Montreal, Canada. Some controversy exists with respect to the McGill study as 
results indicated the placebo group, treated with ambient air at 1.3 ATA, showed improvement similar 
to the group treated with HBO. Most experts agree that the methodology for evaluation in the McGill 
study was not optimal. Other research continues and more recently Dr. Maurine Packard of NY 
Presbyterian Hospital studied the effects of HBO in children ages 1-5 with moderate to severe CP. 
These studies and additional research will add to our knowledge and understanding of CP and HBO 
therapy. 
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Clinical review 

ABC of oxygen 

Hyperbaric oxygen therapy  
R M Leach,  P J Rees,  P Wilmshurst.   

Over the past 40 years hyperbaric oxygen therapy has been recommended and used in a wide variety of medical 

conditions, often without adequate scientific validation of efficacy or safety. Consequently a high degree of 

medical scepticism has developed regarding its use. The Undersea and Hyperbaric Medical Society approves use 

of hyperbaric oxygen for a few conditions for which there is thought to be reasonable scientific evidence or well 

validated clinical experience. In these conditions early referral is essential.  

Therapeutic uses of hyperbaric oxygen  

Strong scientific evidence  

Main treatment  
Decompression sickness  

Arterial gas embolism  

Severe carbon monoxide poisoning and smoke inhalation  

Adjunctive treatment  

Prevention and treatment of osteoradionecrosis  

Improved skin graft and flap healing  

Clostridial myonecrosis  

Suggestive scientific evidence  

Adjunctive treatment  
Refractory osteomyelitis  

Radiation induced injury  

Acute traumatic ischaemic injury  

Prolonged failure of wound healing  

Exceptional anaemia from blood loss  

Hyperbaric oxygen has been shown ineffective in diseases such as multiple sclerosis and dementia, but it 

continues to be used despite the risks of the treatment. For conditions where its use remains unproved for 

example, rheumatoid arthritis, cirrhosis, and gastroduodenal ulcer hyperbaric oxygen should be used only in the 

context of well controlled clinical trials.  

 

 

 



    Biochemical and physiological effects 

At sea level the plasma oxygen concentration is 3 ml/l. Tissues at rest require about 60 ml of oxygen per litre of 

blood flow (assuming normal perfusion) to maintain normal cellular metabolism, although requirements vary 

between tissues. At a pressure of 3 atmospheres (304 kPa) dissolved oxygen approaches 60 ml/l of plasma, 

which is almost sufficient to supply the resting total oxygen requirement of many tissues without a contribution 

from oxygen bound to haemoglobin. This has advantages in situations such as carbon monoxide poisoning or in 

severe anaemia where difficult crossmatching or religious belief prevents blood transfusion.  

Cellular and biochemical benefits of hyperbaric oxygen  

• Promotes angiogenesis and wound healing  

• Kills certain anaerobes  

• Prevents growth of species such as Pseudomonas  

• Prevents production of clostridial alpha toxin  

• Restores neutrophil mediated bacterial killing in previously hypoxic tissues  

• Reduces leucocyte adhesion in reperfusion injury, preventing release of proteases and free radicals which cause vasoconstriction and 

cellular damage  

 
View larger version (96K):  
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Coronal section of magnetic resonance image showing brain lesions in diver with decompression illness 

 

 

Oxygen at 300 kPa increases oxygen tension in arterial blood to nearly 270 kPa and in tissue to about 53 kPa. 

This improves the cellular oxygen supply by raising the tissue-cellular diffusion gradient. The hyperoxia has 

potential benefits including improved angiogenesis. The formation of collagen matrix is essential for angiogenesis 

and is inhibited by hypoxia. In irradiated tissue hyperbaric oxygen is more effective than normobaric oxygen at 

raising tissue partial pressure of oxygen and promoting angiogenesis and wound healing. The healing process 

may also be helped in non-irradiated tissues with compromised perfusion, but this requires further validation.  

Advice on the nearest suitable UK unit and help to coordinate the management can be obtained 

from the Institute of Naval Medicine, Gosport (24 hour emergency number 0831 151523, daytime 

inquiries 01705 768026)  

http://bmj.bmjjournals.com/cgi/content/full/317/7166/1140/F�
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The value of hyperbaric oxygen therapy in decompression illness and arterial gas embolism depends on the 

physical properties of gases. The volume of a gas in an enclosed space is inversely proportional to the pressure 

exerted on it (Boyle's law). At 300 kPa bubble volume is reduced by about two thirds. Any intravascular bubbles 

causing obstruction move to smaller vessels, which reduces extravascular tissue damage. Dissolution of the gas 

bubble is enhanced by replacing the inert gas in the bubble with oxygen, which is then rapidly metabolised by the 

tissues.  

 

 

    Availability and administration 

Multiplace chambers are available in a few NHS hospitals (Aberdeen, Craigavon, Newcastle upon Tyne), Royal 

Navy centres, private units, police diving units, professional diver training schools, and sites associated with the 

North Sea oil industry. The United States has over 250 facilities.  

Comparison of monoplace and multiplace hyperbaric oxygen chambers  

Monoplace  

• Claustrophobic environment;  

limited access to patient  

• Whole chamber contains  

hyperbaric oxygen,  

increasing fire risk  

• Lower cost  

• Portable  

Multiplace  

• More room; assistant can  

enter to deal with acute  

problems such as  

pneumothorax  

• Hyperbaric oxygen via tight  

fitting mask chamber gas  

can be air (reduced fire risk)  

• Risk of cross infection when  

used for ulcers etc  

Often early treatment is essential for maximum benefit. This poses appreciable practical problems as severely ill 

patients may have to be transported long distances and may require intensive medical support, including 



mechanical ventilation, between treatment sessions. It is important to discuss the potential benefits and risks for 

each patient with the regional hyperbaric oxygen facilities.  

Multioccupancy chambers are required for critically ill patients who require an attendant within the chamber and 

are usually used for acute problems. Monoplace chambers can be used to treat patients with chronic medical 

conditions. Hyperbaric oxygen is inhaled through masks, tight fitting hoods, or endotracheal tubes.  

Inside the chambers pressure is usually increased to about 250-280 kPa, equivalent to a depth of 15-18 m of 

water. The duration of treatment varies from 45 to 300 min and patients may receive up to 40 sessions. 

Appropriate monitoring is essential during treatment, and facilities for resuscitation and immediate mechanical 

ventilation should be available.  
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Monoplace hyperbaric chamber 

 

 

 

 

 

    Dangers of hyperbaric oxygen 

The potential risks and risk-benefit ratio of hyperbaric oxygen have often been underemphasised in therapeutic 

trials. The side effects are often mild and reversible but can be severe and life threatening. In general, if pressures 

do not exceed 300 kPa and the length of treatment is less than 120 minutes, hyperbaric oxygen therapy is safe. 

Overall, severe central nervous system symptoms occur in 1-2% of treated patients, symptomatic reversible 

barotrauma in 15-20%, pulmonary symptoms in 15-20%, and reversible optic symptoms in up to 20% of patients.  

Reversible myopia, due to oxygen toxicity on the lens, is the commonest side effect and can last for weeks or 

months. Epileptic fits are rare and usually cause no permanent damage. A suggested carcinogenic effect of 

hyperbaric oxygen has not been substantiated in extensive studies.  

Risks of hyperbaric oxygen  

Fire hazard  

Most common fatal complication  

General features  

• Claustrophobia  

• Reversible myopia  

http://bmj.bmjjournals.com/cgi/content/full/317/7166/1140/F�
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• Fatigue  

• Headache  

• Vomiting  

Barotrauma  

• Ear damage  

• Sinus damage  

• Ruptured middle ear  

• Lung damage  

Oxygen toxicity  

• Brain  

  Convulsions  

  Psychological  

  Lung  

  Pulmonary oedema,  

haemorrhage  

  Pulmonary toxicity  

  Respiratory failure (may be  

irreversible when due to  

pulmonary fibrosis)  

Decompression illness  

• Decompression sickness  

• Pneumothorax  

• Gas emboli  

Pneumothoraces must be adequately drained before treatment with hyperbaric oxygen. Pulmonary oxygen 

toxicity with chest tightness, cough, and reversible falls in pulmonary function may occur with repeated treatment, 

particularly in patients exposed to high oxygen levels before treatment. Oxygen toxicity can be prevented in most 

tissues by using air in the chamber for 5 minutes every 30 minutes. This allows antioxidants to deal with free 



oxygen radicals formed during the hyperoxic period.  

 

 

    Therapeutic uses 

Decompression sickness and arterial gas embolism  

When divers surface too rapidly the partial pressure of nitrogen dissolved in the tissues may exceed the ambient 

atmospheric pressure sufficiently to form gas bubbles in the blood and the tissues. Although less common, rapid 

ascent to over 5500 m can result in high altitude decompression sickness.  

Decompression sickness may produce mild problems such as rash or joint pain or be more serious with paralysis, 

confusion, convulsions, and ultimately death secondary to blockage of vital blood vessels. Hyperbaric oxygen is 

the main treatment, and its efficacy has been validated by extensive clinical experience and scientific studies. 

Recompression rapidly alleviates the symptoms, and tables are available to determine safe periods for 

subsequent decompression. Treatment should be started as soon as possible and given in sessions of 2-5 hours 

until the symptoms have resolved.  

Air may also enter the circulation during placement of arterial and venous catheters, cardiothoracic surgery, 

haemodialysis, or mechanical ventilation. Although no formal trials support the use of hyperbaric oxygen in air 

embolism, the well established physical properties of gases and extensive clinical experience justify its use as the 

primary treatment. Treatment should begin immediately at pressures of 250-300 kPa for 2-5 hours. Benefit is 

reported when hyperbaric oxygen therapy begins several hours after the onset of air embolism but further trials 

are required to establish the delay after which hyperbaric oxygen is no longer of value.  
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Rash due to decompression illness 

 

 

Carbon monoxide poisoning  

Carbon monoxide poisoning is an important cause of death from poisoning, particularly in the United States. 

Carbon monoxide binds to haemoglobin with an affinity 240 times that of oxygen. This reduces the oxygen 

carrying capacity of the blood. Unoccupied haemoglobin binding sites have an increased affinity for oxygen, 

further reducing the availability of oxygen to the tissues. In addition, carbon monoxide binds to the large pool of 

myoglobin increasing tissue hypoxia. Hyperbaric oxygen provides an alternative source of tissue oxygenation 

through oxygen dissolved in the plasma. It also facilitates dissociation of carbon monoxide from the haemoglobin 

and myoglobin; the carboxyhaemoglobin half life is 240-320 min breathing air, 80-100 min breathing 100% 

http://bmj.bmjjournals.com/cgi/content/full/317/7166/1140/F�
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oxygen, and about 20 min with hyperbaric oxygen. In addition, hyperbaric oxygen dissociates carbon monoxide 

from cytochrome c oxidase, improving electron transport and cellular energy state.  

Symptoms of carbon monoxide poisoning  

• Loss of consciousness  

• Neurological abnormalities  

• Myocardial ischaemia  

• Pulmonary oedema  

• Metabolic acidosis  

• Headache  

• Nausea  

• Delayed neuropsychological features (often permanent)  

Controlled studies comparing hyperbaric oxygen and normobaric 100% oxygen in the acute and delayed effects 

of carbon monoxide poisoning have produced conflicting results, although some benefit was seen in patients who 

experienced loss of consciousness or neurological abnormality.  

The clinical severity of carbon monoxide poisoning does not correlate well with 

carboxyhaemoglobin concentrations  

If carbon monoxide poisoning results in unconsciousness, convulsions, neurological impairment (including 

abnormal gait or mental state test results) or severe metabolic acidosis the case should be discussed with the 

nearest regional centre. A single session of hyperbaric oxygen therapy will usually reverse the acute, potentially 

life threatening effects of carbon monoxide poisoning, but additional treatments may be needed to reduce the 

delayed neuropsychological sequelae. Patients with less severe poisoning should be treated with 100% oxygen.  

Necrotising infections and osteomyelitis  

The primary treatment of myonecrosis and gas gangrene of soft tissues resulting from clostridial infection and 

alpha toxin production is surgical debridement and antibiotics. However, experimental evidence and clinical 

experience suggest that adjunctive treatment with hyperbaric oxygen improves systemic illness and decreases 

tissue loss by demarcating the border between devitalised and healthy tissue. This reduces the extent of surgical 

amputation or debridement. Controlled trials of hyperbaric oxygen and normobaric 100% oxygen are not available. 

In necrotising fasciitis (rapidly progressive skin infection without muscle disease) retrospective studies suggest 

that hyperbaric oxygen is beneficial in combination with surgical debridement but prospective controlled trials are 

lacking.  
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Gas gangrene 
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Hyperbaric oxygen is also claimed to be helpful in refractory osteomyelitis. Animal experiments show improved 

healing of osteomyelitis compared with no treatment, but the effect is no better than that with antibiotics alone and 

the two treatments have no synergistic effect. Uncontrolled trials of surgery and antibiotics combined with 

hyperbaric oxygen in refractory osteomyelitis have reported success rates of as high as 85%, but controlled trials 

are needed.  

Post radiation damage  

Soft tissue radionecrosis and osteonecrosis after surgery on irradiated mandibles are reduced by hyperbaric 

oxygen. In a controlled study comparing osteoradionecrosis at six months postoperatively, the incidence was 5% 

in patients receiving 30 preoperative hyperbaric oxygen treatments compared with 30% in patients who received 

only preoperative antibiotics. A similar improvement in wound healing after surgery has been shown in patients 

with irradiated tissue who receive preoperative hyperbaric oxygen therapy. Normobaric 100% oxygen does not 

seem to confer the same benefits. The higher partial pressures achieved with hyperbaric oxygen may stimulate 

new vessel growth and healing in damaged irradiated tissue which has lost the capacity for restorative cellular 

proliferation.  

To prevent mandibular osteonecrosis after surgery on irradiated facial and neck tissue 

30 preoperative 90 minute sessions and 10 postoperative sessions are recommended  

Skin grafts, flaps, and wound healing  

In poorly vascularised tissue hyperbaric oxygen improves both graft and flap survival compared with routine 

postoperative surgical care alone. The effect of normobaric 100% oxygen was not examined in these studies. In 

the United States problem wounds are the commonest indication for a trial of adjunctive hyperbaric oxygen 

therapy and include diabetic and other small vessel ischaemic foot ulcers. Several studies have shown improved 

healing and a lower incidence of amputation with 4-30 sessions.  

Hyperbaric oxygen should be considered for problem wounds if the facility is readily available  
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Necrotic heel of diabetic patient before and after 14 weeks of hyperbaric oxygen therapy  
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Other indications  

Hyperbaric oxygen has been used successfully to treat haemorrhagic shock in patients who refuse blood on 

religious grounds or for whom suitable blood was not available. Similarly, there is evidence for benefit in acute 

traumatic ischaemic injuries including compartmental syndromes and crush injuries.  

 

 

    Conditions which do not benefit 

Hyperbaric oxygen has been tried in numerous conditions and is often reported to be beneficial. However, in 

many of these situations the scientific evidence is flimsy and use should be restricted to randomised controlled 

trials. Hyperbaric oxygen has been clearly shown not to be beneficial in several diseases including multiple 

sclerosis and senility.  

Summary  

• Lack of randomised controlled trials makes it difficult to assess the efficacy of hyperbaric oxygen in many diseases  

• Side effects are usually mild but can be life threatening  

• Clear evidence of benefit has been found in decompression sickness and a few other conditions  

• Much work remains to be done to establish the timing, indications, and therapeutic regimens required to obtain the best clinical and cost 

effective results  

• The cellular, biochemical, and physiological mechanisms by which hyperbaric oxygen achieves beneficial results are not fully established 

The suggestion that hyperbaric oxygen may be beneficial in multiple sclerosis arose from animal work suggesting 

that it improved experimental allergic encephalomyelitis and several uncontrolled studies suggesting disease 

remission in humans with multiple sclerosis. In 1983, a small controlled trial reported significant benefit, and large 

numbers of patients with multiple sclerosis were treated with hyperbaric oxygen. Since this initial trial at least 

14 trials, of which eight are high quality randomised controlled studies, have been published. In the eight high 

quality studies the patients had chronic stable or chronic progressive multiple sclerosis, had at least 20 sessions of 

therapy for 90 minutes over four weeks, and were adequately assessed with evoked potentials and for functional 

and disability state. Only one study showed a benefit from hyperbaric oxygen.  
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No convincing evidence exists for using hyperbaric oxygen in thermal burns. In the only randomised controlled 

trial of hyperbaric oxygen and usual burn care the length of hospital stay, need for autografting, and mortality were 

virtually identical with both treatments.  
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Effect of Hyperbaric Oxygen on Flow-Mediated 
Vasodilation 

An Ultrasound Study  

Mutlu Saglam, MD, Ugur Bozlar, MD, Fatih Kantarci, MD, Hakan Ay, MD, Bilal 
Battal, MD and Unsal Coskun, MD  

Objective. The purpose of this study was to investigate the effect of hyperbaric oxygen (HBO) 
treatment on flow-mediated vasodilation (FMD) by ultrasound examination. Methods. We 
studied 14 young patients without cardiovascular problems who underwent HBO treatment. 
The indications for HBO treatment were osteomyelitis (n = 8), Crohn disease (n = 2), perianal 
abscesses (n = 2), lingual artery embolization (n = 1), and aseptic necrosis (n = 1). The 
ultrasound evaluation for FMD was performed before HBO treatment, after 1 session of HBO 
treatment, and after 10 sessions of HBO treatment. The right brachial artery FMD response 

was evaluated by the mean of the baseline right brachial artery diameter, absolute change in 
the diameter before and after cuff inflation/deflation, and percent change in the diameter. 
Results. Statistical analysis showed a significant change in the preinflation right brachial 
artery diameter before (mean ± SD, 3.6 ± 0.54 mm) and after (3.76 ± 0.56 mm) 10 sessions of 
HBO treatment (P < .05). The absolute changes in the right brachial artery diameter before 
and after cuff inflation/deflation (0.36 ± 0.2 mm before HBO treatment, 0.37 ± 0.22 mm after 
1 session of HBO treatment, and 0.38 ± 0.21 mm after 10 sessions) and percent change in 
FMD (10% ± 5.8% before HBO treatment, 10.6% ± 7.5% after 1 session of HBO treatment, 
and 10.6% ± 7.7% after 10 sessions) after induction of a hyperemic response by cuff inflation 
were not statistically significant (P > .05). Conclusions. Hyperbaric oxygen treatment did not 
have an immediate effect on FMD (absolute change in the right brachial artery diameter after 
cuff inflation/deflation); however, the right brachial artery diameter increased after 10 sessions 
of HBO treatment. This may suggest chronic stress on the vascular endothelium after HBO.  

Key Words: flow-mediated vasodilation • hyperbaric oxygen • ultrasound  

Abbreviations: FMD, flow-mediated vasodilation • HBO, hyperbaric oxygen • NO, nitric 
oxide • NOS, nitric oxide synthase 

 



Q. What is Hyperbaric Oxygen Therapy? 
 
A. Hyperbaric Oxygen Therapy (HBO) is defined as a treatment mode in which the 
patient is entirely enclosed in a pressure chamber breathing oxygen at a pressure 
greater than one atmosphere. Breathing 100 percent oxygen at one atmosphere or 
applying oxygen outside a pressurized chamber are not considered hyperbaric 
oxygenation. 

 

Q. What is a monoplace hyperbaric chamber? 
 
A. A monoplace chamber is one in which only one patient is placed, and pressurized 
oxygen is introduced into the entire chamber. Access to the patient is made from the 
outside via ports and pass-throughs. 
 
Q. How does Hyperbaric Oxygen Therapy work? 
 
A. Significant physiological mechanisms, which are activated as a result of hyperbaric 
oxygenation, explain the many therapeutic results of HBO: 
 
1. Hyperoxygenation: 
 
HBO physically dissolves extra oxygen into the blood plasma. The breathing of pure 
oxygen at three times normal pressure (3 A.T.A.) delivers 15 times as much physically 
dissolved oxygen to tissues as breathing room air. This promotes formation of new 
capillaries into wound areas, and sufficient oxygen tensions to meet the needs of 
ischemic tissues. Hyperoxygenation effects are useful in the treatment of anemias, 
ischemias and some poisonings. 
 
2. Mechanical effect of increased pressure: 
 
Any free gas trapped in the body will decrease in volume as the pressure on it 
increases. With a threefold increase in pressure, a bubble trapped in the body is 
reduced by two-thirds. This reduction in gas volume has been successfully applied to 
air embolism and decompression sickness. 
 
3. Mass action of gases (gas wash out): 
 
The flooding of the body with any one gas tends to "wash out" all others. This action 
occurs more rapidly under pressure than under ordinary conditions, and makes HBO 
an indicated treatment for carbon monoxide intoxication and acute cyanide poisoning. 
 



4. Vasoconstriction: 
 
High pressure oxygen causes constriction of the blood vessels (without creating 
hypoxia) which decreases edema in injured tissues and secondarily decreases 
intracranial pressure. This effect is useful in burns, crush injuries and interstitial 
bleeding. It may also be effective in acute brain and spinal cord injuries. 
 
5. Bacteriostasis: 
 
HBO inhibits the growth of a number of anaerobic as well as aerobic organisms. This 
effect also complements the improved action of host disease-fighting factors. It is 
useful in conditions where resistance factors are compromised such as dysvascular 
conditions and disorders involving immunosuppression.*  

 



Hyperbaric medicine 
  

Hyperbaric medicine, also known as hyperbaric oxygen therapy (HBOT) is the 
medical use of oxygen at a higher than atmospheric pressure. 

 
Uses 
Several therapeutic principles are made use of in HBOT: 

 e increased overall Th pressure is of therapeutic value when HBOT is used in 
the treatment of decompression sickness and air embolism.  

 For many other conditions, the therapeutic principle of HBOT lies in a 
drastically increased partial pressure of oxygen in the tissues of the body. The 
oxygen partial pressures achievable under HBOT are much higher than those 
under breathing pure oxygen at normobaric conditions (i.e. at normal 
atmospheric pressure).  

 elated effect is the increased oxygen transport capacity of the blood. UndA r er 
atmospheric pressure, oxygen transport is limited by the oxygen binding 
capacity of hemoglobin in red blood cells and very little oxygen is transported 
by blood plasma. Because the hemoglobin of the red blood cells is almost 
saturated with oxygen under atmospheric pressure, this route of transport can 
not be exploited any further. Oxygen transport by plasma, however is 
significantly increased under HBOT.  

The United States, the Undersea and Hyperbaric Medical Society, known as 
UHMS, approved for reimbursement diagnoses for application of HBOT in 
hospitals. The following approved indications are approved uses of hyperbaric 
oxygen therapy as defined by the UHMS Hyperbaric Oxygen Therapy 
Committee.[1] The Committee Report can be purchased directly through the 
UHMS 

  or Air gas embolism[2]  
 rbon monoxide poisoning[3][4]Ca   

  Carbo n Monoxide Poisoning Complicated by Cyanide Poisoning[5][6][7]  
 stridal Myositis and Clo Myonecrosis[8] (Gas gangrene[9][10])  
 sh Injury, Cru Compartment syndrome, and other Acute Traumatic 

Ischemias[11][12]  
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 compression sickness[13][14][15]De   
 hancement of Healing in Selected En Problem Wounds[16][17][18]  
 ceptional Blood LossEx [19][20] (Anemia)  
 acranial Abscess[21][22]Intr   
 crotizingNe  Soft Tissue Infections[23] (Necrotizing fasciitis[24])  
 teomyelitis[25][26][27]Os  (Refractory)  
 layed De Radiation Injury[28] (Soft Tissue and Bony Necrosis[29][30])  
 in GraftsSk  & Flaps[31][32] (Compromised)  
 ermal Th Burns[33][34]  

In the United States, HBOT is recognized by Medicare as a reimbursable 
treatment for 14 UHMS "approved" conditions. An HBOT session costs anywhere 
from $100 to $200 in private clinics, to over $1,000 in hospitals. More U.S. 
physicians are lawfully prescribing HBOT for "off label" conditions such as Lyme 
Disease and stroke (citation needed). Such patients are treated in outpatient 
clinics, however it is unlikely that their medical insurance will pay for off label 
treatments. In the United Kingdom most chambers are financed by the National 
Health Service, although some, such as those run by Multiple Sclerosis Therapy 
Centres, are non-profit. 

HBOT is controversial and health policy regarding its uses is politically charged. 
Both sides of the controversy on the effectiveness of HBOT is available in the 
form of PubMed and the Cochrane reviews[35] and a discussion of "Medical 
Polemics"[36][37], a discussion of Multiple Sclerosis in particular[38]. 

The chamber 

 
 

A father and his son inside a hyperbaric oxygen chamber. 
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Traditional 
The traditional type of hyperbaric chamber used for HBOT is a hard shelled 
pressure vessel. Such chambers can be run at absolute pressures up to 600 
kilopascals or 85 PSI (lbf/in²), nearly six atmospheres. 

Navies, diving organizations and hospitals typically operate these. They range in 
size from those which are portable and capable of treating just one patient to 
those which are fixed, very heavy and capable of treating eight or more patients. 

The chamber may consist of: 

  a p   ressure vessel that is generally made of steel and aluminium with the view
ports (windows) or hull made of acrylic.  

 

 one or more human entry hatches—these could be small and circular or 
wheel-in type hatches for patients on trolleys  

 

 an airlock allowing human entry—a separate chamber with two hatches, one 
to the outside world and one to the main chamber, which can be 
independently pressurized to allow patients to enter or exit the main chamber 
while it is still pressurized  

 

 an airlock allowing medicines, instruments and food to enter the main chamber  
 

 glass ports or closed-circuit television allowing the technicians and medical 
staff outside the chamber to monitor the inside of the chamber  

 

 an intercom allowing two-way communications inside and outside the chamber  
 

 a carbon dioxide scrubber—consisting of a fan that passes the gas inside the 
chamber through a soda lime canister  

  a c   ontrol panel outside the chamber is used to open and close valves allowing
air to enter or leave the chamber and oxygen to be supplied to masks  

Oxygen Breathing 

 
 

Breathing 100% oxygen from an aviators' oxygen mask. 

In today's larger "multiplace" chambers, both patients and medical staff inside the 
chamber breathe from "oxygen helmets", flexible, transparent soft plastic helmets 
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with a seal around the neck similar to a space suit helmet. They may also breathe 
from tightly fitting aviators type oxygen masks, which supply pure oxygen and 
remove the exhaled gas from the chamber. During treatment patients breathe 
100% oxygen most of the time but have periodic air breaks to minimize the risk of 
oxygen toxicity. The exhaled gas must be removed from the chamber to prevent 
the build up of oxygen, which could provoke a fire. Medical staff may also breathe 
oxygen to reduce the risk of decompression sickness. Administration of 100% 
breathing oxygen maximizes the patients treatment. The pressure inside the 
chamber is increased by opening valves allowing high-pressure air to enter from 
storage cylinders, similar to diving cylinders. A gas compressor is used to fill 
these cylinders. 

 
 

A recompression chamber for a single diving casualty 

Smaller "monoplace" chambers can only accommodate the patient. No medical 
staff can enter. The chamber is flooded with pure oxygen or compressed air. The 
cost of using pure oxygen in a monoplace chamber is much higher than using 
compressed air. If pure oxygen is used no oxygen breathing mask or helmet is 
needed. If compressed air is used then an oxygen mask or helmet is needed as in 
a multiplace chamber. In monoplace chambers that are compressed with pure 
oxygen a mask is available to provide the patient with "air breaks," periods of 
breathing normal air, in order to reduce the risk of hyperoxic seizures.  

Effects of Pressure 
Patients inside the chamber will notice discomfort inside their ears as a pressure 
difference develops between their middle ear and the chamber atmosphere. This 
can be relieved by the Valsalva maneuver or by "jaw wiggling". As the pressure 
increases further, mist may form in the air inside the chamber and the air may 
become warm. When the patient speaks, the pitch of the voice may increase to 
the level that they sound like cartoon characters. 

To reduce the pressure, a valve is opened to allow gas out of the chamber. As the 
pressure falls, the patient’s ears may "squeak" as the pressure inside the ear 
equalizes with the chamber. The temperature in the chamber will fall. 
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Home treatment 
There are portable HBOT chambers, which are used for home treatment. These 
are usually referred to as "mild chambers", which is a reference to the lower 
pressure of soft-sided chambers. Those commercially available in the USA go up 
to 4 PSI (1.27 ATA 8.92 FSW). International portable chambers can go to 7.35 psi 
(1.5 ATA 16.38 FSW) or higher. These chambers are operated with oxygen 
concentrators (typically 95% oxygen) or with 100% oxygen as the breathing gas. 

The soft chambers are FDA approved only for the treatment of Altitude Sickness 
but are commonly used off label primarily for the treatment of autism and other 
neural conditions. The FDA has a specific warning that supplemental oxygen is 
not to be used. Terrell Owens of the Dallas Cowboys has one in his house to aide 
his recovery from injuries. Similarly, Jimmy Rollins of the Philadelphia Phillies 
reported he has one he is using to speed recovery from a sprained ankle. J.D. 
Drew of the Boston Red Sox has one. Brian Cameron of the Hartford Housing 
Court also has one. 

Treatments 
Initially, HBOT was developed as a treatment for diving disorders involving 
bubbles of gas in the tissues, such as decompression sickness and gas 
embolism. The chamber cures decompression sickness and gas embolism by 
increasing pressure, reducing the size of the gas bubbles and improving the 
transport of blood to downstream tissues. The high concentrations of oxygen in 
the tissues are beneficial in keeping oxygen-starved tissues alive, and have the 
effect of removing the nitrogen from the bubble, making it smaller until it consists 
only of oxygen which is then re-absorbed into the body. After elimination of 
bubbles, the pressure is gradually reduced back to atmospheric levels. 

Protocol 
The slang term for a cycle of pressurization inside the HBOT chamber is "a dive". 
An HBOT treatment for longer-term conditions is often a series of 20 to 40 dives. 

Emergency HBOT for diving disorders typically follows one of two forms. For most 
cases, a shallow "dive" to a pressure the equivalent of 18 meters / 60 feet of 
water for 3 to 4.5 hours with the casualty breathing pure oxygen with air breaks 
every 20 minutes to reduce oxygen toxicity. For extremely serious cases, a 
deeper "dive" to a pressure the equivalent of 37 meters / 122 feet of water for 4.5 
hours with the casualty breathing air. 
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In Canada and the United States, the U.S. Navy Dive Charts are used to 
determine the duration, pressure and breathing gas of the therapy. The most 
frequently used tables are Table 5 and Table 6. In the UK the Royal Navy 62 and 
67 tables are used. 

The Undersea and Hyperbaric Medical Society[39] (UHMS) publishes a report 
which compiles the latest research findings and contains information regarding 
the recommended duration and pressure of the longer-term conditions. 

Possible complications 
There are risks associated with HBOT, similar to some diving disorders. Pressure 
changes can cause a "squeeze" or barotrauma in the tissues surrounding trapped 
air inside the body, such as the lungs[40], behind the eardrum[41][42], inside 
paranasal sinuses[41], or trapped underneath dental fillings[43]. Breathing high-
pressure oxygen for long periods can cause oxygen toxicity. Temporarily blurred 
vision can be caused by swelling of the lens, which usually resolves in two to four 
weeks.[44][45] 

The only absolute contraindication to hyperbaric oxygen therapy is untreated 
pneumothorax.[46] Relative complications include grand mal seizure, fever, the 
inability to clear the ears or sinuses, and the use of certain chemotherapy 
agents.[47][48] 

There are reports that cataract may progress following HBOT.[citation needed] Also a 
rare side effect has been blindness secondary to optic neuritis (inflammation of 
the optic nerve).[citation needed] 

Contraindications 
The only absolut de contrain ication to HBO therapy: untreated pneumothorax. 

Also, patients should not undergo HBO therapy if they are taking or have recently 
taken the following drugs: 

Doxorubicin (Adriamycin) - A chemotherapeutic drug. Disulfiram (Antabuse) - 
Used in the treatment of alcoholism. Cis-Platinum - A cancer drug. Mafenide 
Acetate (Sulfamylon) - Suppresses bacterial infections in burn wounds 

The following are relative contraindications: 

Upper respiratory infections - These conditions can make it difficult for the patient 
to clear their ears, which can result in what is termed sinus squeeze. 

High fevers - In most cases the fever should be lowered before HBO treatment 
begins. 
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Emphysema with CO2 retention - This condition can lead to pneumothorax during 
HBO treatment. 

History of thoracic (chest) surgery - This is rarely a problem and usually not 
considered a contraindication. However, there is concern that air may be trapped 
in lesions that were created by surgical scarring. These conditions need to be 
evaluated prior to considering HBO therapy. 

Malignant disease: Since cancers both thrive in blood rich environments and may 
be suppressed in high oxygen environments, cancer and HBO poses a dilemma 
since HBO both increases blood flow via angiogenesis and also raises oxygen 
levels. Taking an anti-angiogenic supplement may provide a solution to this 
problem. 

Neuro-rehabilitation 
The Collet (Quebec) trial[49] that was published in the Lancet in 2001 was the 
largest randomized trial of Hyperbaric Oxygen Therapy (HBOT) for children with 
cerebral palsy (CP); it followed the McGill pilot study on the same subject[50]. 

The evidence showed both groups of children treated with two very different 
hyperbaric treatment dosages improved significantly. The motor improvements 
that were seen and measured with the gross motor function measure[51] were 
greater, more generalized, and were obtained in a shorter period of time than 
most of the changes found in any other studies of recognized conventional 
therapies in the treatment of children with cerebral palsy[52] [53]. The children in 
both groups improved an average of ten times more during the two months of 
HBOT (whilst all other therapies and medication were stopped) than during the 
three months follow-up (when medication and all the ancillary treatments were 
restarted). This impressive change in the rate of improvements clearly indicates 
the probable effectiveness of hyperbaric treatment. Both the Lancet 
commentary[54] and the tech report by the Agency for Healthcare Research and 
Quality (AHRQ)[55] concluded that the hypothesis of both treatments being equally 
effective should be retained. 

Since the Quebec study of HBOT for children with CP, many reports[56] [57] have 
been made on the possible efficacy of a low pressure hyperbaric treatment and all 
the trials [58] [59] [60] [61] conducted with HBOT in CP have demonstrated positive 
results. 

An editorial published by the Undersea and Hyperbaric Medical Society in 2007 
called for further research that will include "basic science research to determine a 
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reasonable mechanism of action" for hyperbaric oxygenation as well as "clinical 
studies of the highest possible methodological rigor". [62] 

Middle ear barotrauma (MEBT) is always a consideration in treating both children 
and adults in a hyperbaric environment, but most child nre  currently being treated 
with HBOT are being pressurized to 1.3 ATA which greatly reduces the risks of 
potential side effects of any kind.[citation needed] 

Some medical practioners recommend the use of HBOT for the treatment of 
accute tinnitus link title but this tre satment ha  not been verified by independent 
evidence and the treatment was witdrawn from support by the German health 
insureance 

It has been postulated that HBOT might relieve some of the core symptoms of 
autism.[63]. 

Fischer et al.[64] in New York University performed the first randomized, placebo-
controlle , dd ouble-blind trial on MS patients treated with HBOT. Improvements in 
balance and bladder function were found in 12 of 17 patients (p<0.0001). Those 
patients with a less severe form of the disease had a more favorable and long 
lasting response. After a year with no further treatment, the treated group showed 
a positive change (p<0.0008). Barnes et al.[65] found overall benefit in their treated 
group (p<0.03) and a year later there was less deterioration in cerebellar function 
(p<0.03). Two other controlled studies[66][67] have reported sustained benefit with 
follow-up. 
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HYPERBARIC OXYGEN (HBO) AS ADJUNCT THERAPY IN 
REFRACTORY OR FISTULIZING CROHN'S DISEASE 

Theodoros Mesimeris 

  

INTRODUCTION:  

The clinical course of Crohn's disease is unpredictable with frequent relapses and many 
complications. Active or fistulizing disease refractory to various therapeutic agents are 
major problems in clinical practice , result in patient's poor quality of life and may lead to 
serious adverse drug reactions or complications requiring surgical intervention.  

HYPOTHESIS: 

Current theory of Crohn's disease pathogenesis implicates genetic susceptibility triggered 
by environmental factors (microbial agents, toxins).This combination leads to 
inappropriate inflammatory response in which activated immune and non-immune cells 
release various inflammatory mediators and toxic molecules (cytokines, cell adhesion 
molecules, NO, ROMs) resulting in perpetuation of inflammation and tissue injury. 
According to vascular hypothesis endothelial dysfunction plays a central role in initiating 
and perpetuating inflammation. Vascular injury is a prominent feature of Crohn s 
disease caused by various mechanisms leading to tissue ischemia and 

1, 2, 3damage(necrosis).  

as adjunctive modality in severe perianal Crohn s 
disease with encouraging results.6  

AIMS : 

stulizing Crohn's disease through a multicenter controlled unblind 
prospective study.  

MATERIALS AND METHODS : 

yperbaric oxygen will be applied as 
adjuvant therapy to conventional treatment . 

Patient Selection : 

 or fistulizing) 
 , 

mercaptopurine or azathioprine ) with or without surgical intervention.  

 
d 

Hyperbaric oxygen therapy (HBOT) is thought to restore tissue hypoxia , downregulate 
inflammation and promote tissue repair.4, 5 Uncontrolled clinical studies have utilized 
Hyperbaric oxygen therapy (HBOT) 

Evaluate HBO efficacy and safety as adjunctive therapy in patients with treatment 
resistant active or fi

Adult patients with refractory or fistulizing Crohn s disease will be enrolled in an 
international controlled unblind trial in which H

Patients will be eligible for the study if their Crohn s disease status (active
is refractory to the conventional treatment (mesalamine , corticosteroids

Crohn's disease activity assessment is based in various indexes which evaluate and score 
various indices ( symptoms , signs , complications , laboratory parameteres and general
well being ). In our protocol we estimate the disease activity using the widely accepte
and commonly used Crohn's Disease Activity Index (CDAI). The CDAI incorporates 8 



Crohn s disease related variables : number of liquid or very soft stools , abdomin
pain and cramping , general well-being , extraintestinal manifestations, complications , 
abdominal mass , use of antidiarrheal medications , hematocrit , and body weight. T
items yield a composite score ranging from 0 to 600 , with higher scores indicating 
greater disease 

al 

hese 

activity. Scores of <150 indicate remission, and scores of >450 indicate 
severe illness.7 

doses of 

therapeutic agents (aminosalycilates, azathioprine , mercaptopurine , metrnidazole etc.). 

ho 

nal 

f sexual 

core ranging from 0 to 20 , with higher scores indicating more severe 
disease.8]  

ndex 

ed 
consent for both the treatment ( conventional & HBOT) and endoscopic procedures. 

sy , congenital spherocytosis , thyroid hormone 
replacement therapy , severe glaucoma. 

Study Design : 

All patients enrolled in the trial will have baseline data recordings ( week 0 ) : 

oking occupational backround , diet , family history , concomitant medication 

y 
ho have perianal disease at base line , the Perianal 

rting 

 The 

 

In our study we consider disease as "refractory" two dinstinct groups of patients , those 
who remain symptomatic with a CDAI score-indicating activity despite adequate 
steroids (steroid refractory) and those who flare when the steroid dose is being 
decreased (steroid dependent) irrespectively of concomitant use of other conventional 

Patients with fistulizing disease are also included in the study. These patients usually 
have active disease . Of particular interest are patients with external perianal fistulas w
represent a common and difficult problem in clinical practice often resistant to medical 
and surgical therapy. [ The severity of fistulizing disease is assesed using the Peria
Disease Activity Index ( PDAI ) which incorporates five elements: the presence or 
absence of discharge , pain or restriction of activities of daily living , restriction o
activity , the type of perianal disease , and the degree of induration , yielding a 
composite s

Inclusion Criteria: Patients between 18 to 65 years old , with Crohn s disease for at 
least 6 months based on previous medical data , having Crohn s Disease Activity I
(CDAI) scores between 220 and 400 or persistent fistulizing disease (regardless of 
surgical intervention) will be eligible for the study. All patients will give written inform

Exclusion Criteria: Patients will be excluded from the study if they have undergone 
treatment with cyclosporine , methotrexate , or experimental agents ( eg. anti-TNF) 
within 3 months at least before inclusion. Patients will be also excluded if they have 
severe disease (CDAI >400) , symptomatic stenosis or strictures and contraindications to 
HBOT: recent (<2 years) spontaneous pneumothorax , ear-drum or ossicle chain surgery 
, untreated or insufficiently treated epilep

1. Full medical history (demographic variables , past medical history , related habits 
- sm
) .  

2. Complete physical examination .  
3. Routine laboratory analyses (blood , urine and stools) , CRP , ESR .  
4. Assessment of the severity of disease according to the Crohn's Disease Activit

Index and , for patients w
Disease Activity Index .  

5. All patients will have a full , if possible , colonoscopy and ileoscopy before sta
HBOT trial. Ileal and colonic biopsy specimens will be obtained during these 
procedures, always in the vicinity of the most prominent ulcerative lesions.
site of biopsy collection will be recorded. Endoscopic examinations will be 
performed , if available , with videocolonoscopes and will be recorded on tapes or
color pictures. Immediately after the procedure , the endoscopist will fill out the 
Crohn s Disease Endoscopic Index of Severity (CDEIS) score .9 This score is 



based on the presence of deep or superficial ulceration , the proportion of 
ulcerated surface, and the presence of ulcerated or nonulcerated stenosis in the 
terminal ileum and four different segments of the colon. Drawings as well as 

g 

nonuclear cells , polymorphonuclear cells , and presence of 
t in 

estimation of general well- being (eg . bowel , systemic , 
social , and emotional ) will be recorded using simple indices ( poor , moderate , 

p A 
eceive the HBO as adjuvant therapy for 40 - 60 sessions (for 6 to 8 weeks) 

. In Group B patients will be serve as control group continuing the conventional 

 of baseline 
evaluation (week 0) will be repeated at the end of the study (weeek 6 or 8). 

 and no 

ed to maintain a stable dosage throughout 
the 6 or 8-week study period . Surgical intervention during the study is allowed and will 

s 
ed to 

r medical institution and 
must follow the guidelines of the European Committee for Hyperbaric Medicine 

2) 

ient will be under close 
observation during the session from medical and nursing stuff with completion of a flow 

 
he aforementioned study design (weeks 0 , 2 ,4 , 6 , 8 & for 24 months post - 

HBOT ). The participation of a hospital gastroenterology team should be preferable for 
e study. 

photographs will be used to document the sites and extension of fistulizin
disease.  

6. All biopsy specimens will be evaluated for active inflammatory changes 
(infiltration of mo
erosions and/or ulcers ) and chronic architectural changes by a pathologis
random order .  

7. Serum cytokines IL-1 , IL-1ra ,IL-6 , TNFa will be measured if possible .  
8. Subjective patient's 

good , very good).  

After obtaining baseline data patients will be randomised in two groups : In Grou
patients will r

treatment .  

Patients will have close follow up during the study period (6 - 8 weeeks) and for 24 
months (at 4 months intervals ) after the end of the study. All steps

Steps 1 , 2 , 3 ,4 , 7and 8 will be repeated at weeks 2 , 4 and/or 6.  

Patients using oral corticosteroids will be allowed to taper the dosage if they are 
responding to treatment. Increasing corticosteroid dosage above the baseline dose is not 
accepted during the study. If initiation of corticosteroids or an increase in dose is 
required, an efficacy evaluation will be completed to document the lack of efficacy
further study treatment will be given. Patients receiving concomitant treatment with 
azathioprine, 6-mercaptopurine , sulfasalazine , mesalamine and antibiotics ( 
metronidazole , ciprofloxacin) will be request

not be considered as lack of HBOT efficacy. 

Patients will be treated in a monoplace or multiplace hyperbaric chamber 5 days a week , 
pressurized at 2,5 absolute atmospheres breathing 100 % oxygen in session periods of 
two hours , with 15 minutes of compression and decompression each. Air interval period
of 5 minutes will follow 30 minutes of oxygen treatment . Treatment period is plann
include 40 - 60 sessions within 6-8 weeks . During HBOT sessions patients can receive 
simultaneously concomitant therapy . HBOT can be applied in the immediate post-
surgery treatment if it is necessary. Every hyperbaric participating centre must be 
physically or functionally linked to a hospital facility o

(ECHM) regarding personnel, safety and procedures. 

In order to evaluate tissue HBO efficacy , transcutaneous oxymetry will be used (TcPO
to assess tissue hyperoxia during the session's period . In case of severe clinical 
conditions patient will be monitored for vital clinical signs . Pat

chart and recording of any adverse reaction or complication.  

All patients will be evaluated and have a regular follow up from a gastroenterology team
according t

th



  

Evaluation Criteria : 

Successful response to Hyperbaric Oxygen therapy for active refractory disease includes:  

nd 

t 

c. Possible long term benefit during the 24-month follow up (recurrence rate or 

l 
ho will need to change medication regimens (defined above) for 

treatment strategy (worsening disease) , patients who discontinued because of HBOT 

tudy period.  

c. Complete primary or secondary (surgical intervention) healing.  

Failure includes the steady or worsening state of baseline fistula condition during the 

Changes in scores on the CDAI , PDAI , CDEIS will be evaluated according to the study 

After informed consent, patients will be randomised using a fixed scale of random 
 groups . The scale will be provided by the main coordinator. 

g forms with indexes will be sent to participating centers after the final 
udy acceptance . 

ive colitis 
h Am 1995 Sep;24(3):475-507  

a. Maintaining a clinical response (defined as a ³ 70-point decrease in the CDAI) at 
each 4-week evaluation for the study period.  

b. Achieving and maintaining clinical remission (defined as a CDAI < 150) during a
at the end of the study with or without steroid tapering. The baseline CDAI value 
used to determine clinical response and remission will be the value obtained a
week 0.  

maintaining clinical response/remission rate).  

Failure includes : patients not improving CDAI score due to a&b conditions of successfu
response , patients w

adverse reactions . 

Successful response to Hyperbaric Oxygen therapy for fistulizing disease includes:  

a. Reduction of size and/or number of draining fistulas during the s
b. Reduction of fistula discharge volume .  

d. Sustained response rate during the long term follow up.  

study pariod. 

design. 

Randomization : 

numbers ordered in two

Statistical analyses : 

Statistical methods will be determined . 

Workin
st
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Hyperbaric Oxygen for Acute Carbon Monoxide 
Poisoning 

Lindell K. Weaver, M.D., Ramona O. Hopkins, Ph.D., Karen J. Chan, B.S., Susan 
Churchill, N.P., C. Gregory Elliott, M.D., Terry P. Clemmer, M.D., James F. 

Orme, Jr., M.D., Frank O. Thomas, M.D., and Alan H. Morris, M.D.  
  ABSTRACT  

Background Patients with acute carbon monoxide poisoning commonly have 
cognitive sequelae. We conducted a double-blind, randomized trial to evaluate the 
effect of hyperbaric-oxygen treatment on such cognitive sequelae.  

Methods We randomly assigned patients with symptomatic acute carbon monoxide 
poisoning in equal proportions to three chamber sessions within a 24-hour period, 
consisting of either three hyperbaric-oxygen treatments or one normobaric-oxygen 
treatment plus two sessions of exposure to normobaric room air. Oxygen treatments 
were administered from a high-flow reservoir through a face mask that prevented 
rebreathing or by endotracheal tube. Neuropsychological tests were administered 
immediately after chamber sessions 1 and 3, and 2 weeks, 6 weeks, 6 months, and 

12 months after enrollment. The primary outcome was cognitive sequelae six weeks 
after carbon monoxide poisoning.  

Results The trial was stopped after the third of four scheduled interim analyses, at 
which point there were 76 patients in each group. Cognitive sequelae at six weeks 
were less frequent in the hyperbaric-oxygen group (19 of 76 [25.0 percent]) than in 

the normobaric-oxygen group (35 of 76 [46.1 percent], P=0.007), even after 
adjustment for cerebellar dysfunction and for stratification variables (adjusted odds 
ratio, 0.45 [95 percent confidence interval, 0.22 to 0.92]; P=0.03). The presence of 
cerebellar dysfunction before treatment was associated with the occurrence of 
cognitive sequelae (odds ratio, 5.71 [95 percent confidence interval, 1.69 to 19.31]; 
P=0.005) and was more frequent in the normobaric-oxygen group (15 percent vs. 4 
percent, P=0.03). Cognitive sequelae were less frequent in the hyperbaric-oxygen 

group at 12 months, according to the intention-to-treat analysis (P=0.04).  

Conclusions Three hyperbaric-oxygen treatments within a 24-hour period appeared 
to reduce the risk of cognitive sequelae 6 weeks and 12 months after acute carbon 
monoxide poisoning.  

 
Carbon monoxide poisoning is a serious health problem1,2 resulting in approximately 40,000 
visits to the emergency department annually in the United States.2,3 Unfavorable cognitive 
sequelae (problems with memory, attention or concentration, and affect) can occur 

immediately after exposure and persist or can be delayed, but they generally occur within 20 
days after carbon monoxide poisoning.1,2,3,4,5,6 Cognitive sequelae lasting one month5,7,8,9 or 
more2,4 appear to occur in 25 to 50 percent of patients with loss of consciousness or with 
carboxyhemoglobin levels greater than 25 percent.2,7,8 The recommended treatment for acute 
carbon monoxide poisoning is 100 percent normobaric oxygen,1,2,10,11 commonly delivered 

from a reservoir through a face mask that prevents rebreathing. Hyperbaric-oxygen therapy is 
often recommended for patients with acute carbon monoxide poisoning, especially if they 
have lost consciousness or have severe poisoning.1,3,10,11  
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Advantages of treatment with hyperbaric oxygen include increased dissolved-oxygen content 
in blood10 and accelerated elimination of carbon monoxide.11,12 Potential benefits of 
hyperbaric-oxygen treatment include prevention of lipid peroxidation in the brain13 and 
preservation of ATP levels in tissue exposed to carbon monoxide.2,3,11 Disadvantages of 
hyperbaric-oxygen therapy include risks associated with the transport of the patient to a 
treatment center, hyperoxic seizures,14 and barotrauma.3,10 It is difficult to establish the 
benefit–risk ratio of hyperbaric-oxygen treatment for the purposes of clinical decision making 
because the published results are conflicting.1,2,3,5,6,8,9,10,15,16 We conducted a double-blind, 
randomized clinical trial to compare the rate of cognitive sequelae in patients with carbon 
monoxide poisoning treated with hyperbaric oxygen with the rate in those treated with 
normobaric oxygen.  

Methods  

Study Patients  

Emergency departments in Utah, Idaho, and Wyoming referred 98 percent of all patients with 
known carbon monoxide poisoning to LDS Hospital in Salt Lake City from November 1992 
through February 1999. The institutional review board at LDS Hospital approved the study 
protocol. Written informed consent was obtained from patients or their surrogates before 
enrollment.  

Patients were eligible for enrollment if they had a documented exposure to carbon monoxide 
(elevation of the carboxyhemoglobin level or the ambient carbon monoxide concentration) or 
an obvious exposure to carbon monoxide and if they had any of the following symptoms: loss 
of consciousness, confusion, headache, malaise, fatigue, forgetfulness, dizziness, visual 
disturbances, nausea, vomiting, cardiac ischemia, or metabolic acidosis (a calculated base 
excess lower than –2.0 mmol per liter or a lactate concentration higher than 2.5 mmol per 
liter). If the carboxyhemoglobin level was below 10 percent, the patient was eligible only if 

carbon monoxide poisoning was the only plausible diagnosis. Seven patients had 
carboxyhemoglobin levels lower than 10 percent but met the criteria for enrollment because 
they had an observed exposure to carbon monoxide, delays in the measurement of 
carboxyhemoglobin, and symptoms attributable only to carbon monoxide poisoning. Patients 
were excluded if more than 24 hours had elapsed since the exposure to carbon monoxide had 
ended (as in accepted practice17); if they were younger than 16 years of age; if they were 
moribund; if informed consent could not be obtained; or if they were pregnant.  

Patients were randomly assigned to receive hyperbaric-oxygen therapy or normobaric-oxygen 
therapy with the use of blocked, stratified randomization with allocation determined by a list 

of computer-generated random numbers; treatment-group assignments were given to 
respiratory therapists in protected, sequentially numbered, sealed, opaque envelopes. The 
block size was six, and patients were stratified according to whether or not they had lost 
consciousness,4,5,8 the interval between the end of the exposure to carbon monoxide and entry 
into the chamber (<6 hours or 6 hours),5,8 and age (<40 years or 40 years).4 We chose to 
assess the end point at six weeks in order to identify patients in whom delayed cognitive 
sequelae developed.1,4,5,6  

Treatment Procedures  

http://content.nejm.org/cgi/content/full/347/14/1057#R10
http://content.nejm.org/cgi/content/full/347/14/1057#R11
http://content.nejm.org/cgi/content/full/347/14/1057#R12
http://content.nejm.org/cgi/content/full/347/14/1057#R13
http://content.nejm.org/cgi/content/full/347/14/1057#R2
http://content.nejm.org/cgi/content/full/347/14/1057#R3
http://content.nejm.org/cgi/content/full/347/14/1057#R11
http://content.nejm.org/cgi/content/full/347/14/1057#R14
http://content.nejm.org/cgi/content/full/347/14/1057#R3
http://content.nejm.org/cgi/content/full/347/14/1057#R10
http://content.nejm.org/cgi/content/full/347/14/1057#R1
http://content.nejm.org/cgi/content/full/347/14/1057#R2
http://content.nejm.org/cgi/content/full/347/14/1057#R3
http://content.nejm.org/cgi/content/full/347/14/1057#R5
http://content.nejm.org/cgi/content/full/347/14/1057#R6
http://content.nejm.org/cgi/content/full/347/14/1057#R8
http://content.nejm.org/cgi/content/full/347/14/1057#R9
http://content.nejm.org/cgi/content/full/347/14/1057#R10
http://content.nejm.org/cgi/content/full/347/14/1057#R15
http://content.nejm.org/cgi/content/full/347/14/1057#R16
http://content.nejm.org/cgi/content/full/347/14/1057#R17
http://content.nejm.org/cgi/content/full/347/14/1057#R4
http://content.nejm.org/cgi/content/full/347/14/1057#R5
http://content.nejm.org/cgi/content/full/347/14/1057#R8
http://content.nejm.org/cgi/content/full/347/14/1057#R5
http://content.nejm.org/cgi/content/full/347/14/1057#R8
http://content.nejm.org/cgi/content/full/347/14/1057#R4
http://content.nejm.org/cgi/content/full/347/14/1057#R1
http://content.nejm.org/cgi/content/full/347/14/1057#R4
http://content.nejm.org/cgi/content/full/347/14/1057#R5
http://content.nejm.org/cgi/content/full/347/14/1057#R6


Referring physicians gave normobaric-oxygen therapy to patients with carbon monoxide 
poisoning. They intubated comatose patients. At LDS Hospital, we obtained additional history 
and performed a general physical examination and a neurologic examination of cranial nerves, 
pupils, muscles, deep-tendon reflexes, plantar reflexes, and cerebellar function before the first 
chamber session. Cerebellar dysfunction was considered to be present if finger-to-nose or 
heel-to-shin tests or rapid alternating movements were abnormal. Patients were either treated 
as outpatients or hospitalized for mechanical ventilation or because of coma, confusion, 
shock, cardiac ischemia, risk of suicide, or lack of social support. All patients consented to 
three protocol-directed sessions in monoplace hyperbaric chambers (Sechrist Industries) at 
intervals of 6 to 12 hours. In all patients, the first session was initiated within 24 hours after 
the end of the exposure to carbon monoxide (Figure 1). After the first session, supplemental 
oxygen was used only if necessary to maintain the arterial oxygen saturation at a level higher 
than 90 percent.  

 
 
  

Figure 1. Study Design and Time Line.  

Three chamber sessions were conducted, at intervals of 6 to 12 hours, within a 24-hour 
period. Neuropsychological testing included tests of general orientation, digit-span,18 Trail 
Making Parts A and B,19 digit–symbol,18 block design,18 and story recall.20 These tests 
were administered after the first and third chamber sessions and at two and six weeks. 
Green areas indicate the delivery of oxygen, and yellow areas the delivery of air. GDS 
denotes Geriatric Depression Scale, ADL the Katz index of activities of daily living, and 
SF-36 Medical Outcomes Study 36-Item Short-Form General Health Survey.  

 

  
To preserve blinding of patients and investigators regarding treatment-group assignment 
during the first chamber session, we provided all non-intubated patients with oxygen at a rate 

of 15 liters per minute with the use of a reservoir and a face mask that prevented rebreathing, 
chosen because it was commonly used by emergency departments in our area. During both 
hyperbaric-oxygen and normobaric-oxygen sessions, all intubated patients were mechanically 
ventilated with 100 percent oxygen. The patients in the hyperbaric-oxygen group were 
exposed to 100 percent oxygen at 3 and then 2 atmospheres absolute (304 kPa and 203 kPa, 
respectively) during the first chamber session and then to 100 percent oxygen at 2 
atmospheres absolute for chamber sessions 2 and 3. Patients in the normobaric-oxygen group 
were exposed to air at 1 atmosphere absolute (101.3 kPa, or sea-level pressure) for all three 
chamber sessions. The chamber was pressurized to sea-level pressure in order to maintain 
blinding of patients and investigators.  

For the first chamber session, the hyperbaric-oxygen protocol we used was recommended by 
others,21 except for the addition of a five-minute air-protection period between 3 and 2 
atmospheres absolute, which we added because of concern about hyperoxic seizures.22 A 
previous clinical trial8 was criticized for using hyperbaric oxygen at 2 atmospheres absolute,23 
rather than 2.5 to 3.0 atmospheres absolute,21 so we used a hyperbaric-oxygen protocol at the 
higher recommended pressure (3 atmospheres absolute).21 In the hyperbaric-oxygen protocol, 
three chamber sessions were used to prevent cognitive sequelae.7 For hyperbaric-oxygen 
sessions 2 and 3, we reduced the pressure to 2 atmospheres absolute to reduce the likelihood 
of oxygen toxicity.22 In the normobaric-oxygen protocol, chamber sessions 2 and 3 were 
provided in order to maintain blinding of patients and investigators.  
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Figure 2. Design of Chamber Sessions, Showing the Pressure and Duration of Oxygen 
Exposure for Patients in the Hyperbaric-Oxygen Group and Patients in the Normobaric-
Oxygen Group.  

Dark green areas indicate the delivery of oxygen, and yellow areas the delivery of air; 
vertical strips of a different shade from the background represent five-minute "protection 
periods," during which patients used SCUBA-type demand regulators, mouthpieces, and 
noseclips (or mechanical ventilators, if intubated), as air was delivered to patients in the 
hyperbaric-oxygen group (in order to reduce the risk of oxygen toxicity22) and 100 percent 
oxygen was delivered to those in the normobaric-oxygen group during chamber session 1. 
The pressure of 0.85 atmosphere absolute (atm abs) (85.5 kPa, or 642 mm Hg) is the 
normal atmospheric pressure at LDS Hospital (altitude, 1500 m). Alveolar partial pressures 
of oxygen for the patients in the hyperbaric-oxygen group were approximately 2200 mm 
Hg at 3 atmospheres absolute and 1470 mm Hg at 2 atmospheres absolute. Alveolar partial 
pressures of oxygen for the patients in the normobaric-oxygen group were approximately 
530 mm Hg while they were breathing oxygen (estimated fractional inspired oxygen 
concentration, 0.80) and 108 mm Hg while they were breathing air at sea-level pressure. 
During normobaric-oxygen sessions 2 and 3, patients were exposed to 1 atmosphere 
absolute and breathed air (with supplemental oxygen if it was clinically necessary to 
maintain the arterial oxygen saturation at 90 percent or if they were intubated and 
mechanically ventilated).  

 

  
Respiratory therapists operated the controls for the chamber while observing pressure gauges 
visible only to them. These therapists maintained separate confidential records of the chamber 

sessions in order to ensure that others were unaware of the treatment-group assignments.  

Collection of Data  

At the time of enrollment, data concerning demographics, physiology, coexisting conditions, 
and medications, as well as details of the episode of carbon monoxide poisoning, were 
recorded. A physical examination was performed, and its results were recorded. A battery of 
neuropsychological tests, including tests of general orientation, digit span,18 Trail Making 
(Parts A and B),19 digit–symbol,18 block design,18 and story recall,20 was administered 
immediately after the first and third chamber sessions and at 2 weeks, 6 weeks, 6 months, and 
12 months.  

The general orientation test is a 10-item list that measures the patient's orientation to person, 
place, and time, with scores ranging from 0 to 10 with lower scores representing better 
performance. Digit span, digit–symbol, and block design are subtests of the Wechsler Adult 
Intelligence Scale–Revised.18 For the digit-span subtest, the subjects are read a numerical 
sequence and are asked to repeat the numbers in order, then, in an independent test, to repeat 
different digits in reverse order. Scores range from 0 to 14 for both parts of the test, with 
higher scores indicating better performance. The digit–symbol subtest requires subjects to 
reproduce symbols paired with digits, in blank boxes below randomly presented digits, as 
quickly as possible in 90 seconds; scores range from 0 to 90, with higher scores indicating 
better performance. In the block-design subtest, there are nine blocks colored red on two 
sides, white on two sides, and red and white on two sides. The subject is shown a card with a 
model design and, using the colored blocks, must copy the design accurately, as quickly as 
possible. Scores range from 0 to 51, with higher scores indicating better performance. The 
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Trail Making Test Part A requires subjects to draw a line as quickly as possible connecting a 
series of numbers in sequence. The Trail Making Test Part B requires subjects to draw a line 

as quickly as possible connecting a series of numbers and letters in order, alternating number 
and letter (e.g., 1-A-2-B). The scores range from 0 to 300 (for Parts A and B), with lower 
scores indicating better performance. The story-recall subtest of the Denman 
Neuropsychology Memory Scale20 requires that subjects recall the details of a short story 
immediately after it is read to them. Scores are based on the number of items recalled from the 
story and range from 0 to 42, with higher scores indicating better performance.  

We chose this battery of tests because its sensitivity in patients with acute carbon monoxide 
poisoning has been demonstrated.24 A psychologist specializing in cognitive neuroscience or 
one of nine Ph.D. candidates in psychology, all of whom were unaware of the treatment-group 
assignments, tested the patients. All psychologists were deemed competent and reliable in test 
administration, as indicated by documented reproducibility of test results similar to that found 
among licensed, experienced neuropsychological testers. All tests are standardized, with 
known reliability and validity,18,19,20,25 and were administered according to standardized 
formats25 in quiet, private examination rooms.  

After the third chamber session, trained investigators repeated the neurologic examination that 
had been performed after the first chamber session and also performed tests of olfaction, 
visual acuity, pin-prick and vibratory sensation, rapid pronation–supination of the forearms, 
normal gait, and heel–toe gait, as well as Romberg's test and the sharpened Romberg's test.26 
Evaluations at 2 weeks, 6 weeks, 6 months, and 12 months included the battery of 
neuropsychological tests, a questionnaire regarding symptoms of carbon monoxide poisoning 
that we developed for this study, the Geriatric Depression Scale,27 the Katz index of activities 

of daily living,28 and the Medical Outcomes Study 36-Item Short-Form General Health 
Survey (SF-36).29 Scores on the Geriatric Depression Scale range from 0 to 30, with higher 
scores indicating more severe depression. Scores on the SF-36 range from 0 to 100, with 
higher scores indicating better quality of life. At six weeks, patients also completed a 
questionnaire designed to determine whether or not they were aware of their treatment-group 
assignments.30  

A priori, cognitive sequelae were considered to be present if, at six weeks, any T score for a 
neuropsychological subtest was more than 2 SD below the mean of demographically corrected 
standardized T scores (normal population mean [±SD], 50±10) or if two or more T scores for 
subtests were more than 1 SD below the mean.31,32 If the patient reported difficulties with 

memory, attention, or concentration, then the T score on any neuropsychological subtest only 
had to be more than 1 SD below the mean of demographically corrected standardized T scores 

for cognitive sequelae to be considered to be present.  

Statistical Analysis  

The primary outcome was the incidence of cognitive sequelae six weeks after randomization. 
Secondary outcomes were analyzed in a hierarchical fashion: neuropsychological test scores 
obtained after the third chamber session, including the testing performed six weeks after the 
carbon monoxide poisoning; self-reports of symptoms of carbon monoxide poisoning at six 
weeks; scores on the Geriatric Depression Scale, the Katz index of activities of daily living, 
and the SF-36 at two and six weeks; and the results on the neurologic examination after the 
third chamber session.  
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We analyzed the primary outcome according to the intention-to-treat principle.33 This analysis 
provides an assessment of the effectiveness of treatment as indicated by compliance with 
therapy and biologic effects.33 For the purposes of the analysis of the primary outcome, 
patients with missing data for neuropsychological tests at six weeks were assumed to have 
cognitive sequelae. For secondary outcomes, only patients with complete data were included 
in the analysis, because the aim of these analyses was to measure the efficacy of treatment.33  

We calculated that the inclusion of 100 patients in each treatment group would provide the 
study with a statistical power of 80 percent to detect the difference between the published 
rates of cognitive sequelae of 5.8 percent34 and 18.5 percent35 (with a two-sided probability of 
a type I error of 0.05). The Statistical Data Center at LDS Hospital planned and performed 
interim analyses after the six-week data were available from 50, 100, and 150 enrolled 
patients, using a stopping rule requiring a two-sided P value of 0.0001, 0.001, and 0.01, 
respectively, for the three analyses. The statisticians and investigators, who were blinded to 
patients' treatment-group assignments, had access to the results of the interim analyses. The 
final analysis of the primary outcome for the anticipated 200 patients would have shown a 

significant difference if the P value were less than 0.0389. This alpha spending-function 
technique maintained an overall P value of less than 0.05. Early termination of the study was 

planned if one of the interim analyses showed hyperbaric-oxygen treatment to be effective, 
ineffective, or deleterious.36 For secondary outcome variables, a P value of less than 0.05 was 

considered to indicate statistical significance. A Bonferroni's correction was used for the six 
neuropsychological subtests, with a level of significance of less than 0.008 (0.05 ÷ 6).  

Our a priori end point was the incidence of cognitive sequelae at six weeks. We also report 
rates of cognitive sequelae at 6 and 12 months, although these end points were not included in 
the study design. We assumed a priori that cognitive sequelae developing after six weeks 
would not be caused by carbon monoxide poisoning.2,3,4,5,6,7,11  

All statistical methods were determined a priori. All data were analyzed by investigators and 
statisticians who were blinded to the treatment-group assignments. We used Student's t-test, 
logistic regression, Pearson chi-square, or Fisher's exact tests to compare the treatment groups 
in terms of base-line variables; the incidence of cognitive sequelae at 6 weeks, 6 months, and 

12 months; the frequency of symptoms of carbon monoxide poisoning; and the frequency of 
abnormal neurologic findings. We used multivariable logistic regression to analyze the 
primary outcome, testing for treatment effects while adjusting for stratification and for 
additional factors associated with both treatment-group assignment and cognitive sequelae. 
For the primary outcome, the prespecified analysis was unadjusted. We used repeated-
measures analysis of variance, with time as the variable within groups and treatment as the 
variable between groups, to test for treatment-related differences in the scores on the battery 
of neuropsychological tests, the Geriatric Depression Scale, the Katz index of activities of 
daily living, and the SF-36. Unadjusted odds-ratio estimates and 95 percent confidence 
intervals were calculated by logistic regression. Results are reported as percentages, or means 
±SD. For the Geriatric Depression Scale, results of repeated-measures analysis of variance are 
reported as marginal means ±SE. All P values are two-sided.  

Results  

Primary Outcome  
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A total of 76 patients were randomly assigned to each treatment group. Seventy-five patients 
in the hyperbaric-oxygen group and 72 in the normobaric-oxygen group completed 
neuropsychological testing at six weeks. Base-line characteristics were similar in the two 
groups, although cerebellar dysfunction before treatment was more frequent in the 
normobaric-oxygen group (15 percent, as compared with 4 percent in the hyperbaric-oxygen 

group; P=0.03). The presence of cerebellar dysfunction before treatment, regardless of 
treatment-group assignment, was associated with a higher incidence of cognitive sequelae 
than was the absence of such dysfunction (odds ratio, 5.71 [95 percent confidence interval, 
1.69 to 19.31]; P=0.005). The trial was stopped after the third interim analysis, which included 
150 patients, because hyperbaric oxygen was judged to be efficacious (P<0.01).  

 
 

 
By the time the results of the interim analysis became available, 152 patients had been 
enrolled. For all 152 patients in the intention-to-treat population, cognitive sequelae at six 
weeks were less frequent in the hyperbaric-oxygen group (25.0 percent) than in the 
normobaric-oxygen group (46.1 percent; unadjusted odds ratio, 0.39 [95 percent confidence 
interval, 0.20 to 0.78]; P=0.007). The same was true for the 147 patients with complete data 
on neuropsychological tests at six weeks: cognitive sequelae were less frequent at six weeks 
among patients who received hyperbaric-oxygen treatment (24.0 percent) than among those 
who received normobaric oxygen (43.1 percent, P=0.01).  

  
After adjustment by logistic regression for cerebellar dysfunction before treatment and for 
stratification variables, hyperbaric oxygen still appeared to be the more effective therapy 
(odds ratio, 0.45 [95 percent confidence interval, 0.22 to 0.92]; P=0.03). Patients treated with 
hyperbaric oxygen were less likely to have cognitive sequelae at six weeks than were those 
treated with normobaric oxygen, whether they had had normal (P=0.05) or abnormal (P=0.18) 
cerebellar function before treatment. Failure to complete the chamber sessions was more 
common in the hyperbaric-oxygen group (14 of 76 [18.4 percent]) than in the normobaric-
oxygen group (3 of 76 [3.9 percent], P=0.005). The first hyperbaric-oxygen treatment was 
stopped prematurely because of anxiety (in seven patients), tympanic-membrane rupture (in 
one patient), and cough (in one patient). The second or third hyperbaric-oxygen treatment was 
omitted due to difficulty with equalization of middle-ear pressure (in four patients) or failure 
to return for treatment (in one patient). The second or third normobaric-oxygen session was 
omitted because of failure to return (in three patients). The frequency of cognitive sequelae 

among patients who completed three hyperbaric-oxygen sessions (15 of 62 patients [24.2 
percent]) was not significantly different from that among patients who did not complete the 
three sessions (4 of 14 patients [28.6 percent], P=0.74). Blinding of the patients30 and the 
investigators was maintained throughout the study and the data analysis performed at 12 
months.  

Secondary Outcomes  
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T scores for neuropsychological tests did not differ significantly between the treatment groups 
(P=0.31). The T scores showed improvement from testing immediately after the third chamber 
session to six weeks (P<0.001), with similar rates of improvement in both treatment groups 
(P=0.62). Only the treatment-group differences in T scores for the digit-span subtest (P=0.06) 
and the Trail Making Test Parts A (P=0.03) and B (P=0.06) approached statistical significance 
favoring hyperbaric-oxygen therapy.  

  
Patients treated with hyperbaric oxygen reported fewer difficulties with memory (P=0.004) 
and with attention or concentration (P=0.17). The mean (±SD) score on the Geriatric 
Depression Scale improved from two weeks (9.4±8.1) to six weeks (8.3±7.8, P=0.02). 
Although the difference was not statistically significant, patients treated with hyperbaric 
oxygen reported less depression overall (marginal mean score [±SE], 8.0±0.9) than those 
treated with normobaric oxygen (9.7±0.9, P=0.17). Scores on the Katz index of activities of 
daily living were normal for most patients regardless of treatment-group assignment or time of 
assessment. Four patients reported (at two or six weeks) a minor problem with activities of 
daily living that they deemed unrelated to carbon monoxide poisoning. We found no 
treatment-related differences in scores on the subscales of the SF-36. Between two weeks and 
six weeks, mean scores improved for social function (from 73.0±24.9 to 81.3± 24.1, P<0.001), 
physical role (from 61.0±47.2 to 73.1±40.0, P=0.003), mental health (from 64.3± 23.7 to 
69.5±22.8, P=0.001), and energy (from 51.2±22.6 to 58.8±22.6, P<0.001).  

Nystagmus after the third chamber session was more frequent in patients treated with 
hyperbaric oxygen (12.0 percent) than in those treated with normobaric oxygen (2.7 percent; 
odds ratio, 4.84 [95 percent confidence interval, 1.01 to 23.22]; P=0.05). There were no 
significant differences between the treatment groups in terms of other elements of the detailed 
neurologic examination.  

Outcomes at 6 and 12 Months  

Cognitive sequelae at 6 months and 12 months were less frequent in the hyperbaric-oxygen 
group than in the normobaric-oxygen group, both according to the intention-to-treat analysis 
(P=0.02 at 6 months, P=0.04 at 12 months) and according to the efficacy analysis (P=0.03 at 6 
months, P=0.08 at 12 months).  

Discussion  

Hyperbaric-oxygen therapy reduced the frequency of cognitive sequelae by 46 percent, as 
assessed six weeks after acute, symptomatic carbon monoxide poisoning. Thereafter, there 
was improvement in both groups of patients, but at 12 months, there remained a difference in 
the frequency of cognitive sequelae. At six weeks, patients with cognitive sequelae had 
moderate-to-severe cognitive impairments: 20 percent of the patients fell below the 5th 
percentile and 33 percent fell below the 16th percentile of the normal distribution of cognitive 
function.25 They communicated and performed activities of daily living normally but found 

activities that require executive function, memory, or attention or concentration skills to be 
challenging or impossible. These problems are similar to cognitive sequelae that have been 
observed in patients who were assessed several years after elective coronary-artery bypass 
surgery.38 Our findings suggest that prevention of cognitive sequelae in one patient assessed 
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six weeks after acute carbon monoxide poisoning requires hyperbaric-oxygen treatment of 
only five patients.  

Although hyperbaric-oxygen therapy can cause hyperoxic seizures, aural barotrauma, anxiety, 
and oxidative stress,3,10,14,22 the ability to administer three hyperbaric-oxygen treatments in our 
study was limited primarily by anxiety and aural barotrauma. We chose to provide three 
hyperbaric-oxygen sessions because a retrospective report suggested that the use of more than 
two treatments resulted in better outcomes than the use of a single treatment.7 We provided the 
three sessions within a 24-hour period because we anticipated that patients' compliance would 

be better during a shorter period than it would during a longer one. Since our trial began, a 
survey was published indicating that 74 percent of practitioners who provide hyperbaric-
oxygen treatment use only a single hyperbaric-oxygen treatment for acute carbon monoxide 
poisoning,17 even though there has been no systematic clinical evaluation of the optimal dose 
or frequency of such treatment. Our trial did not assess the merits of a single hyperbaric-
oxygen session as compared with three hyperbaric-oxygen sessions.  

Because of methodologic differences, it is difficult to compare the results of the several 
randomized clinical trials in patients with acute carbon monoxide poisoning.5,8,9,15 For 
example, Scheinkestel et al.9 reported that hyperbaric oxygen might worsen the outcome in 
patients with carbon monoxide poisoning, but our trial differed substantially from theirs in 
terms of the proportion of patients who were intubated (7.9 percent, vs. 19.0 percent in the 
study by Scheinkestel et al.), the duration of exposure to carbon monoxide (18.0 hours vs. 2.5 
hours), the interval between the end of the exposure to carbon monoxide and the initiation of 

hyperbaric-oxygen therapy (5.8 hours vs. 7.1 hours), the randomization method (equal 
proportions vs. clustering), the follow-up rate (97 percent vs. 46 percent), the proportion of 
patients who had carbon monoxide poisoning as a result of a suicide attempt (31 percent vs. 69 
percent), the type of statistical analysis (intention-to-treat analysis vs. efficacy analysis), and 
the oxygen-treatment protocols (three hyperbaric-oxygen treatments in a 24-hour period vs. 
three to six treatments over a period of three to six days). In the group treated with normobaric 

oxygen, we provided oxygen therapy for a mean duration of 6.9±2.2 hours, whereas 
Scheinkestel et al. provided high-flow supplemental oxygen for a mean of three days.  

Our patients had nearly normal carboxyhemoglobin concentrations just before the first 
chamber session, a finding that suggests the presence of therapeutic mechanisms that are 
independent of elevated carboxyhemoglobin levels at the time of hyperbaric-oxygen 

therapy.3,10,11,13,39,40,41 Although they have not been evaluated in humans, mechanisms by 
which hyperbaric oxygen might reduce cognitive sequelae after carbon monoxide poisoning 
include the preservation of adenosine triphosphate activity, modulation of ischemia–
reperfusion injury, and prevention of lipid peroxidation.39,42  

We selected an end point that was evaluated at six weeks so that we could identify all delayed 
cognitive sequelae.2,3,4,5,6,7,11 We included the data on the 6-month and 12-month evaluations 

because of the importance of long-term outcomes. However, decreasing follow-up rates and 
other psychosocial and medical factors unrelated to carbon monoxide poisoning may have 
influenced the neuropsychological test results obtained 6 and 12 months after carbon 
monoxide poisoning.  

In summary, treatment of patients with acute, symptomatic carbon monoxide poisoning with 
three hyperbaric-oxygen sessions within a 24-hour period appears to reduce the rate of 
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cognitive sequelae 6 weeks and 12 months later. Our results support the use of hyperbaric 
oxygen in patients with acute carbon monoxide poisoning.  
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Summary Autism is a neurodevelopmental disorder that currently affects as many as 1 out of 166 children in the
United States. Recent research has discovered that some autistic individuals have decreased cerebral perfusion,
evidence of neuroinflammation, and increased markers of oxidative stress. Multiple independent single photon
emission computed tomography (SPECT) and positron emission tomography (PET) research studies have revealed
hypoperfusion to several areas of the autistic brain, most notably the temporal regions and areas specifically related to
language comprehension and auditory processing. Several studies show that diminished blood flow to these areas
correlates with many of the clinical features associated with autism including repetitive, self-stimulatory and
stereotypical behaviors, and impairments in communication, sensory perception, and social interaction. Hyperbaric
oxygen therapy (HBOT) has been used with clinical success in several cerebral hypoperfusion syndromes including
cerebral palsy, fetal alcohol syndrome, closed head injury, and stroke. HBOT can compensate for decreased blood flow
by increasing the oxygen content of plasma and body tissues and can even normalize oxygen levels in ischemic tissue. In
addition, animal studies have shown that HBOT has potent anti-inflammatory effects and reduces oxidative stress.
Furthermore, recent evidence demonstrates that HBOT mobilizes stem cells from human bone marrow, which may aid
recovery in neurodegenerative diseases. Based upon these findings, it is hypothesized that HBOT will improve
symptoms in autistic individuals. A retrospective case series is presented that supports this hypothesis.
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Background

Overview of autism

Autism is a neurodevelopmental disorder currently
affecting as many as 1 out of 166 children in the
United States [1] that is characterized by impair-
ments in social interaction, difficulty with commu-
nication, and restrictive and repetitive behaviors
[2]. It affects children from all socioeconomic
and ethnic backgrounds [3]. Autism was considered
rved.
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a rare condition before the 1990’s with a preva-
lence of approximately 1 in 2500 children [4]. How-
ever, according to the US Department of
Developmental Services, the prevalence of autism
spectrum disorders increased 556% from 1991 to
1997 [5]. Autism is now more common than child-
hood cancer, cerebral palsy, Down’s syndrome, spi-
na bifida, or cystic fibrosis [6,7]. In addition,
autism is found throughout the globe and the prev-
alence worldwide is increasing 3.8% per year [8].
Autism is an incompletely understood disorder
[3,5], but new clinical research is beginning to un-
ravel some of its mysteries.

Overview of hyperbaric oxygen therapy

Hyperbaric oxygen therapy (HBOT) involves inhal-
ing 100% oxygen at greater than one atmosphere
absolute (ATA) in a pressurized chamber [9]. HBOT
has been used successfully in humans at varying
pressures to treat a range of conditions. Many clin-
ical applications of HBOT are at higher pressures
(over 2.0 ATA) including treatment of decompres-
sion sickness, arterial gas embolism, carbon mon-
oxide poisoning [10], amyotrophic lateral sclerosis
[11], and complex regional pain syndrome [12].
However, HBOT has also been used at lower pres-
sures (1.5 ATA or less) with clinical success in con-
ditions including fetal alcohol syndrome [13] and
ischemic brain injury [14]. HBOT at 1.5 ATA was
utilized in a prospective trial of 168 patients with
closed head trauma with a significant reduction in
mortality (32% versus 17%) [15].

HBOT has been shown to increase the oxygen
content of plasma [16] and body tissues [17] and
can even normalize oxygen levels in ischemic tissue
[18]. In fact, the amount of oxygen delivered by
HBOT at 3.0 ATA and 100% oxygen is able to keep
tissue viable even without oxygen input from circu-
lating hemoglobin [17]. In rat models, HBOT has
been shown to reduce the effects of hypoxia and
ischemia on the neonatal brain [19]. Human studies
demonstrate that HBOT causes mild vasoconstric-
tion resulting in decreased blood flow [20,21] but
at the same time causes increased oxygen delivery
and levels in target tissues [16,17,20]. By causing
mild vasoconstriction, HBOT can reduce edema in
ischemic tissue [22] including the brain [20,23],
which results in lowering intracranial pressure [20].

HBOT is generally considered safe [17] at oxygen
pressures below 3.0 ATA and with treatment dura-
tions of less than 120 min [10,13,24]. The use of
HBOT in children appears generally safe, even at
pressures of 2.0 ATA for 2 hours per day for up to
40 sessions [25]. The most common side effect of
HBOT is middle ear barotrauma, which occurs in
approximately 2% of patients. The incidence of
such barotrauma is decreased with pseudoephed-
rine treatment before HBOT. Less common side ef-
fects in descending order include sinus squeeze,
serous otitis, claustrophobia, and reversible myo-
pia. Seizures may occur infrequently in about
0.01–0.03% of patients [9].
Hypothesis

Multiple studies have revealed that autism is a neu-
rodegenerative disease characterized by cerebral
hypoperfusion, neuroinflammation, and increased
oxidative stress. HBOT helps overcome hypoperfu-
sion, has potent anti-inflammatory effects and re-
duces oxidative stress. Furthermore, HBOT
mobilizes stems cells from human bone marrow.
Therefore, HBOT will improve symptoms of autism.
Improving cerebral hypoperfusion in
autism

Evidence of decreased cerebral blood flow in
autism and possible mechanisms of
hypoperfusion

Even in the presence of normal magnetic resonance
imaging (MRI) findings, focal areas of decreased
cerebral blood flow occur in children with autism
[26]. Multiple independent single photon emission
computed tomography (SPECT) and positron emis-
sion tomography (PET) research studies have dem-
onstrated hypoperfusion to several areas of the
autistic brain, most notably the temporal lobes
[26–39]. Several studies show that reduced blood
flow to the temporal regions and other brain areas
correlates with many of the clinical findings associ-
ated with autism including repetitive, self-stimula-
tory and stereotypical behaviors, and impairments
in communication, sensory perception, and social
interaction [27,29,31,39–42]. Furthermore, a cor-
relation between decreased IQ and hypoperfusion
of the temporal and frontal lobes has been de-
scribed in autistics [36].

The cause of this decreased blood flow is not
known but may be secondary to changes in cerebral
arterial resistance. Under normal conditions, cere-
bral blood flow increases when local brain tissue
metabolic rate and functioning increases [43,44].
However, this response may be reversed in autistic
children. One of the first studies measuring cere-
bral blood flow in autistic children utilized trans-
cranial Doppler ultrasound and showed decreased
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blood flow and concomitantly increased middle
cerebral arterial resistance upon auditory stimula-
tion. Conversely, control neurotypical and men-
tally retarded children showed opposite results
[45].

The mechanism of this abnormal change in cere-
bral arterial resistance in autistic children is un-
known. However, several studies have shown that
astrocytes can regulate cerebral blood flow. Astro-
cytes can directly cause arteriole vasoconstriction
through a calcium mechanism [46] and arteriole
vasodilatation through a cyclooxygenase medium
[47]. Neurons, astrocytes, and vascular cells com-
pose a functional unit that maintains proper blood
flow and oxygenation for the brain [48]. Neural
activity normally causes increased cerebral blood
flow thus delivering increased oxygen [44]. How-
ever, a recent study found evidence of neuroin-
flammation and astroglial activation in autism
[49]. It is possible that astroglial inflammation
may affect the control of blood flow regulated by
astrocytes and lead to the abnormal changes in
cerebral artery resistance and hypoperfusion seen
in some autistic children.

Furthermore, inflammation is a known cause of
decreased blood flow and several inflammatory
conditions have associated cerebral hypoperfusion
including lupus [50,51], Sjögren’s syndrome [52],
Behçet’s disease [53], viral encephalitis [54,55],
and acute Kawasaki disease [40]. One SPECT study
of 27 children with echovirus meningitis demon-
strated decreased cerebral blood flow in 74% of
the children [55] and two recent SPECT studies re-
vealed impaired cerebral perfusion in 81% of pa-
tients with Sjögren’s syndrome [52]. In one SPECT
study of patients with systemic lupus erythemato-
sus, 59% had evidence of cerebral hypoperfusion
[51]. Furthermore, treatment of the inflammation
found in lupus with iloprost [56] and methylpred-
nisolone [57] normalized cerebral blood flow on
follow-up SPECT scans. It is conceivable that the
cerebral hypoperfusion found in autistic children
may be triggered by neuroinflammation and there-
fore may be reversible with anti-inflammatory
modalities.
Zones of the autistic brain affected by
decreased blood flow and symptom
correlations

Cerebral hypoperfusion may play a role in some of
the more unusual characteristics of autistic behav-
ior. Diminished blood flow to the thalamus has
been correlated with the autistic clinical features
of repetitive, self-stimulatory, and unusual behav-
iors including resistance to changes in routine and
environment [29]. Hypoperfusion of the temporal
lobes has also been linked with increased autism
symptom profile scores including ‘‘obsessive desire
for sameness’’ and ‘‘impairments in communica-
tion and social interaction’’ [31]. Another study
on ‘‘high functioning’’ autistics demonstrated de-
creased blood flow to areas of the temporal lobe
and amygdala, which was correlated with clinical
impairments in processing facial expressions and
emotions [42]. This was confirmed by a recent
study of autistics demonstrating diminished blood
flow to the ‘‘fusiform face area’’ responsible for
recognizing familiar faces [58].

In addition, decreased perfusion of the temporal
lobes is a consistent finding in many studies of
autistic children. Two larger controlled studies
(21–23 autistic children) using SPECT and PET
scans confirmed significant bitemporal hypoperfu-
sion [31,34]. In both of these studies, the control
group was mentally retarded; therefore, the hyp-
operfusion could not be attributed to mental retar-
dation alone [33,34]. Another SPECT study of 31
autistic children, 16 of whom had epilepsy, also
demonstrated reduction of cerebral blood flow to
the temporal lobes. Of note, cerebral blood flow
was not different between those with and without
epilepsy, suggesting that epilepsy itself was not
associated with hypoperfusion in these individuals
[37]. A more recent PET study of 11 autistic chil-
dren revealed diminished blood flow to the left
temporal area, including Wernicke’s area (which
is involved in language comprehension) and Brod-
mann’s area 21 (involved in auditory processing
and language), when compared to age-matched
mentally retarded children [39]. Interestingly, an
association between temporal lobe abnormalities
[59] and the subsequent development of secondary
autism has been described in tuberous sclerosis
[60], infantile spasms [61], herpes simplex enceph-
alitis [62,63], and an acute encephalopathic illness
in children [64].

The relative amount of cerebral hypoperfusion
in autistic children can vary by age. In one study,
hypoperfusion of the prefrontal and left temporal
areas worsened and became ‘‘quite profound’’ as
the age of the autistic child increased. This dimin-
ished perfusion correlated with decreased lan-
guage development. The authors concluded that
hypoperfusion ‘‘subsequently prevents develop-
ment of true verbal fluency and development in
the temporal and frontal areas associated with
speech and communication’’ [27].

Hypoperfusion of the temporal and other brain
regions has been correlated with many of the clin-
ical findings associated with autism including self-
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stimulatory behaviors and impairments in commu-
nication, sensory perception, and social interaction
[33,34]. This diminished blood flow may be medi-
ated by neuroinflammation. Further studies on
the effects of inflammation on blood flow in the
autistic brain are needed, especially studies involv-
ing the temporal lobes where hypoperfusion is
common. Whatever the cause of the hypoperfu-
sion, the possibility exists that the enhancement
of oxygen delivery to the brain accomplished by
HBOT may improve some of the symptoms found
in autistic children.

The use of HBOT in cerebral hypoperfusion
disorders

The oxygen delivered by HBOT can reverse hypoxia
in brain tissues caused by hypoperfusion [65,66].
Cerebral hypoperfusion causes hypoxia, which trig-
gers electrical failure in brain cells. Worsening hy-
poxia then eventually results in ion pump failure,
which ultimately leads to cell death [67]. Cells that
have electrical failure but retain ion pump ability
have been described as ‘‘idling’’ because they re-
main alive but non-functional [68]. SPECT studies
have confirmed the presence of these ‘‘idling
cells,’’ which surround areas of focal ischemia
and comprise what is termed the ‘‘ischemic pen-
umbra’’ [69]. Restoration of oxygenation, some-
times even years after the ischemic insult, can
salvage these cells, which may explain why the
acute findings of a stroke are poor predictors of
ultimate clinical outcomes [67].

Even though HBOT causes decreased cerebral
blood flow through vasoconstriction [70], it simul-
taneously causes increased cerebral oxygen tension
[20] and may accelerate brain recovery from ische-
mia [71]. In one case report, 80 sessions of HBOT at
1.5 ATA increased oxygenation to the ischemic
penumbra on SPECT scans and significantly im-
proved cognitive and motor function in a patient
with an ischemic brain injury from a near drowning
episode 12 years earlier [14]. Another study of
three patients with brain injuries showed areas of
‘‘dormant’’ neurons in the ischemic penumbra on
SPECT scans prior to the commencement of HBOT
at 1.5 ATA. All three patients had improvement in
the oxygenation of these areas as seen on post-
HBOT SPECT scans, which was correlated with clin-
ical improvement [65].

HBOT has been used with clinical effectiveness
in some cerebral hypoperfusion disorders including
lupus [72] and traumatic midbrain syndrome [73],
and may be beneficial in acute ischemic stroke
[74] and acute myocardial infarction [16]. In addi-
tion, HBOT has been used in several studies on chil-
dren with cerebral palsy (CP). Some children with
CP due to perinatal asphyxia have focal areas of
cerebral hypoperfusion on SPECT scans [75]. Signif-
icant clinical improvements were found in one
study of children with CP after 20 sessions of HBOT
at 95% oxygen and 1.75 ATA [76].

Other studies using HBOT in cerebral hypoperfu-
sion disorders have been performed at lower pres-
sures (1.5 ATA or less). Stoller recently reported on
one pediatric case of fetal alcohol syndrome,
which is considered ‘‘irreversible and incurable’’
[13] and is characterized by cerebral hypoperfusion
on SPECT studies [77]. Using HBOT at 1.5 ATA, the
child had statistically significant improvements in
verbal, memory, reaction time, impulse control,
and visual motor scores [13]. In addition, Heuser
et al. [78] treated a four year old autistic child
using lower pressure HBOT at 1.3 ATA and reported
‘‘striking improvement in behavior including mem-
ory and cognitive functions’’ after only ten ses-
sions. Furthermore, the child had improvement of
cerebral hypoperfusion as measured by pre-HBOT
and post-HBOT SPECT scans [78]. These case re-
ports are notable because they demonstrate that
some ‘‘irreversible’’ and permanent neurological
conditions can have clinical improvements with
HBOT.

The number of HBOT sessions needed to produce
full clinical improvements from cerebral hypoper-
fusion or ischemia is unclear. In one study combin-
ing the use of SPECT and HBOT, an average of 70
treatments was needed to show a significant in-
crease in cerebral blood oxygenation and metabo-
lism in patients with chronic neurological
disorders including CP, stroke, and traumatic brain
injury. Of note, the rate of improvement in cere-
bral blood oxygenation was more profound during
the last 35 treatments compared to the first 35
[79]. In addition, reports from some HBOT
researchers indicate that younger patients tend
to have improvements more quickly than older pa-
tients [79]. Therefore, older patients may need
more treatments.

Since many autistic children experience at least
a mild degree of cerebral hypoperfusion, this de-
creased blood flow could lead to an element of
brain hypoxia. Multiple SPECT studies have shown
evidence of relative brain hypoxia in certain cere-
bral hypoperfusion syndromes, including autism
[78], which improved after HBOT [14,65,78,79]. It
is certainly plausible that the increased oxygen
delivery by HBOT could overcome any hypoxia
caused by hypoperfusion and thus lead to improve-
ments in the symptoms of autistic children.
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Improving neuroinflammation in autism

Evidence of neuroinflammation in autism

Recent studies reveal that autism is characterized
by neuroinflammation. Autopsy brain samples of
autistic patients demonstrate an active neuroin-
flammatory process in the middle frontal gryus,
anterior cingulate gryus, and cerebellar hemi-
spheres including increased microglial and astrog-
lial activation and increased proinflammatory
cytokines. Furthermore, cerebrospinal fluid ob-
tained from living autistic patients also ‘‘showed a
prominent proinflammatory profile’’ [49]. Previous
studies of autistic children have shown circulating
serum autoantibodies to brain elements including
neuron-axon filament protein and glial fibrillary
acidic protein [80], the caudate nucleus, cerebral
cortex and cerebellum [81,82] and neuron-specific
antigens including myelin basic protein [83,84].

Inflammation in autistic children is not limited
to the brain. When compared to typical children,
autistic children make significantly more serum
antibodies against gliadin and casein peptides
[85], produce more pro-inflammatory cytokines
[86], and have an imbalance of CD4+ and CD8+ cells
[87]. Furthermore, some patients with autism have
mucosal inflammation of the stomach, small intes-
tine and colon characterized by ileo-colonic lym-
phoid nodular hyperplasia [88]. In these children,
the gastrointestinal mucosa has evidence of proin-
flammatory cytokines [89], increased lymphocytic
density, and epithelial IgG deposits mimicking an
autoimmune lesion [90].

Several different therapies have been employed
in treating the inflammation found in autistic chil-
dren with some clinical success, including intrave-
nous immune globulin [91]. Further research is
needed to clarify the role of inflammation in aut-
ism and to investigate potential therapies [92].
However, HBOT may be useful in decreasing inflam-
mation found in autistic patients and may thereby
improve symptoms.
HBOT use in inflammatory conditions

Several animal studies have revealed that HBOT has
potent anti-inflammatory tissue effects [93,94]
with equivalence to diclofenac 20 mg/kg noted in
one study using HBOT at 2.4 ATA and 100% oxygen
[95]. HBOT has also been shown to decrease the
symptoms of advanced arthritis in rats [96] and
attenuates the inflammatory response in the perito-
neal cavity caused by injected meconium [97]. In
addition, one animal study using HBOT at 2.5 ATA
showed increased survival and decreased protein-
uria, anti-dsDNA antibody titers, and immune-com-
plex deposition in lupus-prone autoimmune mice
[98]. Furthermore, HBOT has been used in animal
studies to improve colitis [93]. Interestingly, thirty
sessions of HBOT at 2.0 ATA has been used in hu-
mans to achieve remission of ulcerative colitis not
responding to conventional therapies [99]. This
may be relevant in autistic children given the higher
prevalence of gastrointestinal mucosal inflamma-
tion described previously. Given the results of these
studies, it is certainly plausible that HBOT can de-
crease both neuroinflammation and gastrointestinal
inflammation in autistic children and thereby
potentially lead to improvements in symptoms.
Improving oxidative stress in autism

Evidence of increased oxidative stress in
autism

Recent studies have shown that autistic children
have evidence of increased oxidative stress includ-
ing lower serum glutathione levels [100]. Sogut
et al. [101] demonstrated that autistic children
had increased red blood cell nitric oxide, which is
a known reactive free radical and is toxic to the
brain [101]. James et al. [100] recently showed
that total serum glutathione levels were 46% lower
and oxidized glutathione was 72% higher in autistic
children when compared to neurotypical controls.
This was reflected in a lower redox ratio of reduced
glutathione to oxidized glutathione, which presum-
ably led to decreased antioxidant ability in these
autistic children [100]. Lower serum antioxidant
enzyme, antioxidant nutrient, and glutathione lev-
els, as well as higher pro-oxidants have been found
in multiple studies of autistic children [102]. Fur-
thermore, treatment with anti-oxidants has been
shown to raise the levels of reduced glutathione
in the serum of autistic children and appears to im-
prove symptoms [100]. It is speculated that treat-
ment with hyperbaric oxygen may also help
reduce oxidative stress in autistic children.

The effect of HBOT on oxidative stress

Multiple studies have shown neutral effects on oxi-
dative stress with HBOT use [103]. In one study on
horse platelets, measures of oxidative stress were
not increased after HBOT; in fact, a rise in the anti-
oxidant enzyme superoxide dismutase (SOD) was
found 24 h after HBOT without a fall in glutathione
levels [104]. In another study on dogs, following
18 min of complete cerebral ischemia, HBOT at
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2.0 ATA reduced brain damage without increasing
oxidative stress [105]. Furthermore, in a rat model
of reperfusion, HBOT extended skin flap life with-
out evidence of oxidative stress [106].

In addition, numerous studies have shown
improvements in oxidative stress with HBOT includ-
ing increased production of antioxidants and antiox-
idant enzymes and decreased markers of oxidative
stress such as malondialdehyde [105,107,108]. An
improvement in the survival rate of skin flaps and
an increase in SOD levels were found in one study
when rats were exposed to hyperbaric oxygen at
2.0 ATA [109]. In another study, HBOT at 2.5 ATA in-
duced the production of antioxidants and decreased
malondialdehyde levels in rats [107]. Furthermore,
in a study of rats with pancreatitis, HBOT at 2.5
ATA decreased oxidative stress markers including
malondialdehyde, and increased the levels of the
anti-oxidant enzymes glutathione peroxidase and
SOD [108]. HBOT has also been shown to acutely
raise the levels of reduced glutathione in the plasma
and lymphocytes of some humans after just one
treatment session at 2.5 ATA [110]. Finally, ische-
mia-reperfusion injuries usually cause oxidative
stress through decreases in glutathione levels and
activities of catalase and SOD. However, in one rat
study of ischemia, pretreatment with 1–3 doses of
HBOT caused an increase in liver glutathione and
SOD levels and protected against liver injury; con-
trol animals not receiving HBOT actually had drops
in glutathione and anti-oxidant enzyme levels and
had concomitant liver damage [111].
HBOT, reactive oxygen species, and
anti-oxidants

Concerns have been raised that HBOT may cause in-
creased oxidative stress through the production of
reactive oxygen species [112]. This concern is con-
troversial as studies have shown mixed results.
Contrary to the studies discussed previously, sev-
eral studies using HBOT at 2.5 ATA or greater have
found evidence of increased oxidative stress [113–
115]. Support for this higher pressure effect was
found in one study, which demonstrated that HBOT
at 2.0 ATA increased SOD levels whereas HBOT at
3.0 ATA caused SOD levels to decrease, presumably
because the SOD had to neutralize more free radi-
cals at the 3.0 ATA pressure [116]. Thus, from an
oxidative stress and SOD production standpoint,
there might be an optimal HBOT pressure, which
falls somewhere below 2.5 ATA.

Along a similar line of thought, some authors
have speculated that a limited quantity of reactive
oxygen metabolites may actually have beneficial
effects in the human body [117–119]. The produc-
tion of small amounts of oxygen radicals may con-
fer protection from future hypoxia and this effect
has been termed ‘‘ischemic tolerance.’’ In one ani-
mal study, pre-treatment with HBOT at 2.0 ATA
prior to an ischemia insult induced ischemic toler-
ance whereas pre-treatment at 3.0 ATA did not,
possibly because this higher pressure may have
generated too many oxygen radicals [116].

Nevertheless, many studies demonstrate that
HBOT lowers oxidative stress. Furthermore, oxida-
tive stress appears to be less of a concern at pres-
sures under 2.0 ATA, which are often used clinically
[116]. In spite of this, therapies to raise glutathi-
one levels [100] and the use of antioxidants [120]
may be beneficial in patients with conditions of in-
creased oxidative stress before HBOT is contem-
plated. Several antioxidant supplements have
been found to attenuate oxidative stress induced
by high pressure HBOT including a-lipoic acid
[112], melatonin [121], N-acetylcysteine
[111,122], vitamin E [123], riboflavin [124], sele-
nium [123,124], and glutathione [125]. Based upon
these findings, a combination of antioxidants and
HBOT may help reduce oxidative stress in autistic
children and lead to improvements in symptoms.
Improving stem cell mobilization in
autism

Recently, HBOT at 2.0 ATA and 100% oxygen for 2 h
was shown to mobilize stem/progenitor cells from
the bone marrow of humans. Elevations were found
in the number of colony-forming cells as demon-
strated by an increase in the number of CD34+ cells
by almost 2-fold [126]. This finding is relevant be-
cause autism and hypoxic brain injuries are consid-
ered by many to be permanent conditions.
However, new research is revealing that even
long-standing brain disorders may be partially
reversible [13,14]. Recently, stem cells have been
isolated in the adult brain. This leads to the possi-
bility of neuropoiesis, or regrowth, of certain brain
cells. A possible scenario for inducing brain repair
through the use of existing mature brain stem cells
has been described and is dependent on an intact
vascular supply and adequate oxygen [127], both
of which can be enhanced by HBOT.
Testing the hypothesis

There is a strong possibility that HBOT could play
an integral role in improving brain disorders associ-
ated with hypoxia, hypoperfusion, inflammation,



Table 1 Summary of HBOT use in autism

Autism HBOT

. Cerebral perfusion m Perfusion to brain tissue
m Inflammation . Inflammation
m Oxidative stress . Oxidative stress
Neurodegenerative

disease
m Stem cells
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and/or oxidative stress, including autism, through
the improvement of oxygen supply, decreased
inflammation and oxidative stress, and/or the
recruitment of new stem cells (see Table 1). This
in turn should lead to improved clinical outcomes.
Some physicians have begun using HBOT in autistic
children and anecdotal reports indicate that HBOT
has improved symptoms in autistic children includ-
ing enhancements in socialization, language, and
repetitive behaviors [78,128]. A recent retrospec-
tive case series also indicates that low pressure
HBOT may improve symptoms in autistic children
(see Appendix A). Further research in this area,
including HBOT trials in autistic patients, is ur-
gently needed to test this hypothesis.
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Appendix A. Low pressure hyperbaric
oxygen therapy1 improves symptoms in
autistic children: A retrospective case
series

Background

Since low pressure HBOT (under 1.5 ATA) improved
symptoms in some patients with cerebral hypoper-
1 Hyperbaric oxygen therapy (HBOT) normally refers to inhal-
ing 100% oxygen at greater than 1 ATA in a pressurized chamber
[9]. However, for the purposes of this case series, the treatment
with hyperbaric pressure at 1.3 ATA augmented with 28–30%
oxygen is referred to as HBOT. Hyperbaric pressure at 1.3 ATA
and room air is simply termed hyperbaric therapy.
fusion disorders [13–15,65], it was hypothesized
that low pressure HBOT would also help autism, a
disease in which cerebral hypoperfusion is an inte-
gral component [31,32]. Recently, evidence has
accumulated that low pressure hyperbaric therapy
at 1.3 ATA and less than 100% delivered oxygen may
improve symptoms in some diseases associated
with cerebral hypoperfusion. For instance, one
study using hyperbaric therapy at 1.3 ATA and room
air demonstrated clinical improvements in some
children with CP [129,130], a disease shown to
have evidence of diminished cerebral blood flow
[75]. Furthermore, one case report indicated
‘‘striking improvement’’ in a 4 year old child with
autism after using hyperbaric therapy for 10 ses-
sions at 1.3 ATA and room air. The child also had
improvement of cerebral hypoperfusion as mea-
sured by pre-HBOT and post-HBOT SPECT scans
[78]. Based upon these findings, it was hypothe-
sized that low pressure HBOT would improve symp-
toms of autism. A retrospective case series was
examined to evaluate this hypothesis. A review of
the medical literature was performed using MED-
LINE and Google Scholar and no clinical studies
were found on the use of HBOT in autistic children.
Methods

This study is a retrospective analysis of 6 autistic
children who underwent low-pressure HBOT. All 6
children had a prior diagnosis of autism (DSM-IV
299.00) by an outside physician and none of the
children had previously received HBOT. In the nor-
mal course of treatment, parent-rated scales were
obtained pre-treatment and post-treatment. The
University of Virginia Institutional Review Board
for Health Sciences Research approved our retro-
spective examination of cases in this study and
for the use of this data for publication.

Informed consent was obtained from each
child’s parent(s) prior to starting HBOT. All 6 chil-
dren started and 5 completed 40 1 h sessions of
low pressure HBOT at 1.3 ATA and 28–30% oxygen
(after adjustment for the pressure effect) over a
three month period. One child (Child C) only fin-
ished twenty-five sessions due to scheduling con-
flicts and was included in the analysis. All 6
children were taking multiple antioxidant supple-
ments before starting HBOT. Children were allowed
to continue all current therapies and to add new
ones during HBOT. The characteristics of the chil-
dren, including age and sex, are found in Table 2.

A low pressure hyperbaric chamber was used.
Room air mixed with oxygen from an oxygen
concentrator was pumped into the pressurized



Table 2 Patient characteristics and scoresa

Child Age Sex ATEC before
HBOT

ATEC after
HBOT

CARS before
HBOT

CARS after
HBOT

SRS before
HBOT

SRS after
HBOT

A 2 M 40 22 21 17 98 44
B 4 M 91 55 37.5 30 154 110
Cb 3 M 75 64 45 38 135 121
D 7 M 35 32 27 25 94 62
E 6 F 88 80 41.5 39.5 139 121
F 7 F 24 22 23 22 54 67

a Declining scores indicate improvement on these scales.
b Received only 25 HBOT treatments.

Table 3 Average score changesa by age

Age ATEC before
HBOT

ATEC after
HBOT

CARS before
HBOT

CARS after
HBOT

SRS before
HBOT

SRS after
HBOT

4 and under 68.7 47.0 34.5 28.3 129.0 91.7
5 and older 49.0 44.7 30.5 28.8 95.7 83.3
All children 58.8 45.8 32.5 28.6 112.3 87.5

a Declining scores indicate improvement on these scales.
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chamber, resulting in a final chamber oxygen con-
centration of 28–30% by direct oximetry measure-
ment using a Moxy� oxygen monitor and after
adjustment for the pressure effect. Multiple ran-
dom oximetry measurements were taken on differ-
ent treatment days to verify the consistency of the
chamber oxygen concentration, which uniformly
remained 28–30%. Parent rated pre-treatment
scores and post-treatment scores were calculated
for each subject (see Table 2) using the Autism
Treatment Evaluation Checklist (ATEC), Childhood
Autism Rating Scale (CARS), and Social Responsive-
ness Scale (SRS). ATEC is a scoring system of verbal
communication, sociability, sensory/cognitive
awareness, and health/autistic behaviors published
by the Autism Research Institute [131]. CARS is a
widely used scale for screening and diagnosing aut-
ism and has been shown to correlate very well with
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Figure 1 ATEC scores for all children.
the DSM-IV criteria for autism diagnosis [132]. SRS
is a recently validated test of interpersonal behav-
ior, communication, and stereotypical traits in
autism [133].

Results

Low pressure HBOT was well tolerated by all 6 chil-
dren with no adverse effects noted. More dramatic
improvements were found in children age 4 and
under when compared to those in the older group
(Table 3).

ATEC score results

The average improvement in all children on ATEC
was 22.1% (p = 0.0538) ( Fig. 1). ATEC scores im-
proved by 31.6% in the younger group compared
to 8.8% in the older group (Fig. 2).
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Figure 2 ATEC scores by age.
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CARS score results

The average improvement in all children on CARS
was 12.1% (p = 0.0178) (Fig. 3). CARS improved
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Figure 3 CARS scores for all children.
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Figure 4 CARS scores by age.
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Figure 5 SRS scores for all children.
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Figure 6 SRS scores by age.
18.0% in the younger group and 5.6% in the older
group (Fig. 4).

SRS score results

The average improvement in all children on SRS
was 22.1% (p = 0.0518) (Fig. 5). SRS improved
28.9% in the younger group and 13.0% in the older
group (Fig. 6).
Discussion

Autism is characterized, in part, by decreased
cerebral blood flow [31,32]. Low pressure HBOT
has been used in some cerebral hypoperfusion
conditions including CP. Recently, a study demon-
strated that some children with CP had clinical
improvements using hyperbaric therapy at 1.3
ATA. In this study, 111 patients with CP and a his-
tory of hypoxia in the perinatal period had statis-
tically significant clinical improvements in gross
motor function, memory, attention, and language
production after hyperbaric therapy. One group
received lower pressure hyperbaric therapy at
1.3 ATA and room air while the other group was
given higher pressure HBOT at 1.75 ATA and
100% oxygen. Interestingly, the improvements in
symptoms were statistically equivalent in the
two groups [129]. Most of the improvements con-
tinued for 3 months after treatment and some of
the children from the study began walking, speak-
ing, and sitting for the first times in their lives
[130]. However, it must be noted that this study
was controversial, as children in the lower pres-
sure group improved equally with children in the
higher pressure group. However, based on these
findings, it was hypothesized that low-pressure
HBOT could potentially improve symptoms in
autistic children.

This case series suggests that low pressure HBOT
may indeed be beneficial in the treatment of aut-
ism. An interesting finding from this case series
was that the younger children had more significant
improvements in clinical outcome scores than the
older children. This is congruent with reports from
some HBOT researchers indicating that younger pa-
tients tend to have improvements more quickly
than older patients [79]. This effect may be par-
tially explained by the findings of a previous study,
which showed that autistic children aged 3–4 years
experience diminished frontal lobe blood flow com-
pared to age-matched neurotypical children [41]. It
is possible that HBOT in younger autistic children
can improve cerebral oxygenation and thus over-
come the effects of hypoperfusion and aid these
children in ‘‘catching up’’ with their neurotypical
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peers. Furthermore, the younger children in this
case series may have had less overall hypoperfusion
to surmount because decreased cerebral blood flow
to areas associated with communication has been
shown to worsen with increasing age in autistic
children [27]. It is likely that the older children in
this case series need more than 40 HBOT sessions
to show further improvements, especially since
some HBOT researchers have noted that 50–80
HBOT sessions are typically needed to show signif-
icant clinical gains [79]. In addition, the chamber
was augmented with only 28–30% oxygen instead
of 100% oxygen. It is possible that the children in
this case series may have experienced more
improvements if 100% oxygen and/or a higher pres-
sure had been used. These speculations certainly
warrant further testing.

This case series did have several inherent limi-
tations. Children were allowed to continue all
other therapies for autism and also add new ones,
such as supplements. Therefore, other therapies
could have contributed to the some of the clinical
gains. Parents were not blinded to the fact that
their children received HBOT and evaluation of
the children was through parent-rated scales,
either of which could lead to bias. There was no
placebo or control group. Thus, the improvements
could have been due merely to the natural
development of the children, although none of
the parents reported their child as undergoing
developmental spurts of similar or greater magni-
tude in the recent past. Finally, this series lacked
power because the sample size was small. Despite
these limitations, the analysis of this case series
suggests substantial clinical benefits were pro-
duced, and therefore, this hypothesis needs to
be tested in a formal prospective study.

Conclusions

HBOT has been shown to increase oxygen delivery
to hypoperfused or hypoxic tissues, decrease
inflammation and oxidative stress, and mobilize
stem cells from human bone marrow. The mecha-
nism of clinical improvements in ATEC, CARS, and
SRS scores in the children studied may be second-
ary to increased oxygenation of underperfused
areas of the autistic brain, reduced neuroinflam-
mation, decreased oxidative stress, or a combina-
tion of these. This case series suggests that low
pressure HBOT improves symptoms in autistic chil-
dren. Further research in this area, including HBOT
trials in autistic patients, using observers blinded
to the intervention, is now needed to test this
hypothesis.
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Abstract  

Background: Hyperbaric oxygen (HBO) therapy is recognized as an adjunctive treatment for 
osteoradionecrosis (ORN). It may also be used prophylactically in patients who require 
dental extractions and are at high risk for developing ORN. This article reviews the treatment 
outcomes of patients treated with HBO therapy at the Toronto General Hospital from 1985 to 
1997.  

Materials and Methods: A total of 297 charts of patients treated with HBO were reviewed. 
Criteria assessed included age of patient, gender, original diagnosis, radiation dose, time 
between radiation treatment and onset of ORN, presence or absence of fracture, 
orocutaneous fistula, pain, history of a precipitating event triggering ORN, medical status, 
HBO therapy (total oxygen time, number of dives), method of treatment of ORN and follow-up 
period. Minimum patient follow-up time for inclusion in the study was 6 months.  

Results: Adequate information to meet the inclusion criteria was obtained for 75 patients. 
Group A (51 patients) had been treated for overt ORN with HBO alone, HBO with 
sequestrectomy, or HBO with sequestrectomy and reconstruction. Group B (24 patients at 
risk for developing ORN) had been treated with HBO prophylactically for dental extractions. 
In group A, only 3 patients (5.9%) failed to show improvement. In group B, only one patient 
(4.2%) had complications during healing.  

Conclusions: Encouraging results were achieved when HBO was used in the 2 groups 
described above. This paper supports existing literature on the potential benefit of HBO as a 
prophylactic agent and adjunctive treatment of ORN.  

MeSH Key Words: hyperbaric oxygenation; mandibular diseases/therapy; 
osteoradionecrosis/therapy  
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Osteoradionecrosis (ORN) is a dreaded complication of the use of radiation therapy in the 
treatment of head and neck cancer. ORN consists of necrotic soft tissue and bone that fail to 
heal spontaneously and do not respond to local care over a period of 6 months.1,2 Radiation 



induces tissue hypoxia in normal cells, resulting in an imbalance where cell death and 
collagen lysis exceed the homeostatic mechanisms of cell replacement and collagen synthesis. 
This results in a wound that will not heal, in which the metabolic demands exceed the oxygen 
and vascular supply. Cell and host susceptibility to such radiation damage is not uniform and 
may vary among individual patients.1  

Clinical manifestations of ORN may include pain, orocutaneous fistula, exposed necrotic 
bone, pathologic fracture, and suppuration.3-5 ORN is more commonly seen in the mandible 
than in the maxilla due to the relatively decreased vascularity and increased bone density of 
the mandible. In addition, the mandible often receives a greater dose of radiation than the 
maxilla.  

Contributing factors to the development of ORN are well known: dental trauma, the 
premorbid state of the dentition, tumour location, radiation dosage, delivery and fractionation, 
elapsed time since radiation, nutrition, alcohol and tobacco use, and concomitant surgery and 
chemotherapy.6-8 Clinically there are 3 types of ORN. Type I is trauma-induced ORN which 
occurs when radiation or surgical wounding are coupled closely together. The most common 
is Type II, also trauma-induced ORN, which occurs years after radiation therapy. Type III or 
spontaneous ORN can occur anytime after radiotherapy but commonly occurs 6 months to 2 
years following radiotherapy, without any obvious preceding surgical or traumatic event.9,10  

Over the years, ORN has been treated by numerous methods with less than ideal results and 
variable success rates.3 Although still considered controversial by some, hyperbaric oxygen 
(HBO) therapy used as an adjunctive treatment for ORN has been associated with improved 
success rates.4,5,7,11-14 There are also reports that HBO has provided beneficial results when 
used prophylactically for the extraction of teeth in patients deemed to be at risk for developing 
ORN,15-17 although this success is disputed by some.6 HBO therapy is a treatment modality 
which provides an increased oxygen tension at the tissue level to promote healing, especially 
in wounds with a compromised vasculature. This is accomplished by placing a patient in a 
pressure-tolerant chamber, either alone (in a monoplace chamber), or with more than one 
patient or a therapist (in a multiple chamber). The chamber is pressurized at 2.4 atmospheres 
absolute and, depending on the protocol, patients remain inside for one hour.  

The purpose of this study was to assess treatment outcomes of HBO therapy with respect to 
ORN of the mandible at the Toronto General Hospital. Both the adjunctive protocol for the 
treatment of overt ORN and the prophylactic protocol in patients who were at risk for 
developing ORN and requiring dental extractions were evaluated. The patients’ premorbid 
medical status was also evaluated to determine whether it had an impact on treatment success.  

Materials and Methods  

Charts were analyzed of all patients who were treated for mandibular ORN with HBO therapy 
at the Toronto General Hospital from 1985 to June 1997. Patients’ charts were also reviewed 
if they had HBO treatment prophylactically for the extraction of teeth. Medical, HBO, oral 
and maxillofacial surgery, and otolaryngology charts were reviewed, for a total of 297 charts. 
Phone calls were made to referring surgeons and dentists to obtain or clarify any information 
as needed. The criteria assessed included age of patient, gender, original diagnosis, radiation 
dose, time between radiation treatment and onset of ORN, presence or absence of fracture, 
orocutaneous fistula, pain, history of a precipitating event which triggered the ORN, medical 
status, HBO therapy (total oxygen time, number of dives), method of treatment of ORN, and 



follow-up period. The minimum patient follow-up time for inclusion in the study was 6 
months. Patients were deemed medically compromised if they had peripheral vascular disease 
or diabetes.  

HBO treatments were delivered at the Hyperbaric Oxygen Unit at the Toronto General 
Hospital. Patients were treated daily at 2.4 atmospheres absolute (ATA) for one hour in a 
multiplace or monoplace chamber. The Marx protocol1,18 was used as a guide for the number 
of treatment dives needed. However, due to variations in patient compliance, patient tolerance 
to treatment, and response of the lesion, some deviation from the protocol occurred in certain 
cases. Patients treated for overt ORN had HBO therapy with total oxygen time ranging from 
1,730 to 5,940 minutes (20 to 40 preoperative dives and 14 to 20 postoperative dives). HBO 
therapy was deemed successful if all of the following 3 criteria were met: no bone exposure, 
closure of fistula (if originally present), and an asymptomatic status. “Improvement” was 
assigned to patients in whom one or 2 of these criteria were met. If none of the above criteria 
were met, a patient was deemed to be “not improved.”  

Patients who were at risk for developing ORN and had tooth extractions received HBO 
therapy with total oxygen time ranging from 1,980 to 3,390 minutes (6 to 21 preoperative 
dives and 2 to 24 postoperative dives). These patients were surveyed for postoperative 
complications.  

Results  

After reviewing the records, adequate information to meet the inclusion criteria of this study 
was obtained for 75 patients. Two groups emerged from this sample: group A, which 
consisted of 51 patients with overt ORN who were treated with HBO and various surgical 
treatments, and group B, which consisted of 24 patients at risk for developing ORN who were 
treated with HBO prophylactically for dental extractions.  

Group A  

This group consisted of 29 men and 22 women ranging in age from 37 to 88 years (mean age 
of 62.2 years). Estimated radiation dosages ranged from 1,590 centigrays (cGy) (for a patient 
with an actinomycotic infection) to 8,770 cGy (iridium implant and external beam, for a 
patient with recurrent floor of mouth cancer). Unfortunately, no further details about the 
radiation dosages were retrievable. The majority of patients (70.5%) received between 5,000 
cGy and 6,060 cGy. ORN occurred anywhere from 4 months to 60 months after the 
conclusion of the radiation treatment. Patients were seen for follow-up for 6 months to 9 years 
after completion of HBO therapy. The mean follow-up time was 1.8 years. ORN was caused 
by trauma in 34 patients (66.7%). This was further qualified as follows: 30 patients had dental 
extractions, 2 patients had denture-related trauma, and 2 patients had surgery due to failed 
radiation. In 17 patients (33.3%) ORN occurred spontaneously. With regard to the patients’ 
medical status, only 2 patients had peripheral vascular disease and one patient had insulin-
dependent diabetes.  

The final treatment of ORN depended on the severity of the condition. Patients in this study 
were treated with HBO alone (19 patients), HBO and sequestrectomy (20 patients), or HBO 
and mandibular resection and reconstruction (12 patients).  

Group B  



Group B consisted of 13 men and 11 women ranging in age from 35 to 78 years. The mean 
age was 61 years. Eight teeth were removed in one patient, half of which were in the field of 
radiation, and 5 were extracted in another (3 teeth were in the line of radiation). Of the 
remaining 41 extracted teeth, 37 were within the field of radiation. Three teeth were removed 
in one patient, 2 teeth were extracted in 17 patients, and one tooth was extracted in 4 patients. 
A total of 54 mandibular teeth were extracted in all. Eighteen required judicious elevation of a 
flap and minor bone removal; all of these teeth were within the field of radiation. The 
remaining 36 were nonsurgical extractions. These patients had primary tumours in the 
following anatomic sites: tongue (5 patients), floor of mouth (4), buccal mucosa (2), 
nose/nasopharynx (4), parotid (3), larynx (3), lip (1), oropharynx (1), and alveolus (1). 
Radiation dosages ranged from 3,000 cGy to 13,000 cGy; 12 of the 22 patients received 
radiation greater than or equal to 6,000 cGy. The very high dose of 13,000 cGy was a dose 
acquired at 2 different times. The patient was first irradiated postsurgically for adenoid cystic 
carcinoma of the parotid and then later for a recurrence. Time between radiation and 
extractions for the patients in this group ranged from 8 months to 22 years. Unfortunately, no 
further details of the radiation treatment were obtainable. None of the patients were medically 
compromised. The follow-up time period ranged from 6 months to 2.3 years, with a mean of 
10.3 months. All of the patients except one had unremarkable postoperative healing. In that 
patient, however, a dry socket occurred in a nonsurgical extraction site. This problem did not 
progress to ORN but merely prolonged healing.  

Discussion  

The pathophysiology of ORN is best illustrated by the “3 H” principle which describes the 
effect of radiation on tissue as presented in the landmark article by Marx.9 Radiation leads to 
progressively hypocellular, hypovascular and hypoxic tissues. This impedes the replacement 
of connective tissues and cells as part of tissue turnover in normal homeostasis and in wound 
healing. Breakdown of tissues can thus ensue with or without trauma. ORN is, therefore, a 
problem of impaired and inadequate tissue turnover and wound healing.  

HBO improves tissue healing by increasing the oxygen gradient in irradiated tissues. In 
normal nonirradiated wounds, there is a central area of tissue injury surrounded by tissue with 
normal perfusion, setting up a steep oxygen gradient across the wound. Such gradients have 
been shown to be the physical–chemotactic factor attracting macrophages to a wound.19,20 
Lactate, iron and steep oxygen gradients stimulate macrophage-derived angiogenesis factor 
and macrophage-derived growth factor, which in turn promote capillary budding and collagen 
synthesis in wounds.19 However, in wounds with radiation tissue injury, which inevitably 
results in diffuse damage, only shallow oxygen gradients are created. The stimulus for 
fibroplasia and angiogenesis is therefore lacking. HBO restores the steep oxygen gradient 
needed for wound healing.19-21 Many authors have reported on the positive tissue effects of 
HBO therapy.10,22-24  

The results of this study suggest that HBO may be beneficial as an adjunctive treatment for 
patients with overt ORN and for prophylactic use for dental extractions in patients at risk for 
developing ORN. When HBO was used as the sole treatment for patients with overt ORN, 
success or improvement occurred in 94.7% of patients. For patients treated with HBO and 
sequestrectomy, 95% either improved or were successful with their respective treatment. For 
patients treated with HBO and resection and reconstruction, 91.7% had successful outcomes. 
Only one patient failed treatment for each of these therapies. Maier and others,25 however, 



found that postoperative HBO treatments together with surgical treatments yielded only a 
65% success rate in a group of 20 patients.  

Higher doses of radiation (> 6,000 cGy) and the presence of fracture or orocutaneous fistula 
or both correlated with the need for extensive treatment with resection and reconstruction. 
Maxymiw and others6 stress the importance of dose per fraction as well as the estimated 
alveolar bone absorbed radiation dose. They point out that the prescribed tumour dose of 
radiation does not necessarily equal the absorbed bone dose. Unfortunately, the data in the 
present study do not lend themselves to a radiation dose analysis of such sophistication.  

In 2 of the 3 treatment therapies, HBO served as an adjunctive treatment, whereas in some 
patients, HBO alone was therapeutic. In a retrospective review by McKenzie and others,5 the 
efficacy of HBO in the management of 26 patients with ORN was assessed. Surgery was 
performed in 18/26 patients in addition to HBO therapy. Persistent mucosal and cutaneous 
coverage occurred in 18/26 patients, 13/26 patients met strict criteria for resolution, and 21/26 
had improved post-HBO therapy. The longest follow-up was 14 years. The authors point out 
the highly variable clinical course of ORN. Selection of treatment must bear this in mind. 
“Treatment must always be individualized but the combination of HBO, other conservative 
management, and surgery will optimize treatment results in many patients. HBO with or 
without surgery appears to be an effective adjunct in the treatment of post radiation 
necrosis.”5 A second study by Epstein and others26 assessed these 26 patients for an additional 
5 years of follow-up. Of these 26 patients, 20 were evaluated and 2/20 experienced a second 
episode of ORN. Five patients continued to demonstrate chronic persisting postradiation 
ORN. In 12 patients, the ORN remained resolved and 2 patients experienced improvement.  

In the present study, when HBO was used prophylactically in patients requiring dental 
extractions, the authors obtained encouraging results. In this group, 18 of the 54 extractions 
required surgical removal; 98.1% of the total number healed uneventfully. Universal 
agreement regarding the prophylactic use of HBO for dental extractions does not exist.6,27,28 
The results of this study have added to those in agreement with its prophylactic use.17,29  

Unfortunately, this study lacks a control group for comparison with patients having had dental 
extractions without the use of HBO. However, studies exist solely examining extractions 
without the use of HBO. Maxymiw and others6 examined the incidence of ORN after dental 
extractions without the use of HBO. Low epinephrine or epinephrine-free, nonlidocaine local 
anesthetic was used as well as pre- and postoperative prophylactic antibiotic coverage. A 
sample of 196 teeth were within the field of radiation; 73 of these were maxillary teeth. No 
cases of ORN occurred. The authors state that “an atraumatic surgical technique that avoided 
periosteal elevation was employed.”6 Their zero incidence of ORN is, therefore, for these 
specific types of extractions. In the present study, surgical extractions were performed in 
some cases.  

Epstein and others30 reported on the clinical experience of 627 dental extractions in 146 
patients at risk of developing ORN. Of the 627 extractions, 454 occurred before radiation, 137 
after, and 36 during radiation treatment. Prophylactic antibiotic coverage was given to the 
patients, and primary closure of the surgical sites was performed. Eight patients developed 
ORN, yielding an incidence of 5.6%. Three of these 8 cases occurred in patients whose teeth 
were extracted postradiation; 52 patients had extractions after radiotherapy. Beumer and 
others31 reported their experiences involving 72 extractions. When single tooth extractions 
were performed, primary closure was rarely obtained. However, when multiple teeth were 



removed mucoperiosteal flaps were raised and radical alveolectomies were performed as 
needed to achieve primary closure. The incidence of ORN was 22% with the majority of cases 
occurring in the mandible.  

The only controlled randomized study in the literature is that of Marx and others.29 They 
compared the use of HBO versus antibiotic coverage in the prevention of ORN when 
extractions were performed in patients who had undergone radiation treatment. Both groups 
had 37 patients in each of them. In the group that received the antibiotic prophylaxis, 11/37 
patients developed ORN. In the group of patients who only received HBO dives, only 2/37 
patients developed ORN.  

In the present study, the Marx protocol could not be strictly adhered to. There were 
compliance variations in some patients in both treatment groups. Perhaps the total oxygen 
exposure time is a key factor in some patients rather than the actual number of dives or the 
sequence of oxygen delivery. There may also be individual, variable susceptibility to 
treatment that may affect treatment outcome.  

Only 3 patients were deemed medically compromised in this study (all in group A). No effect 
of their medical condition on treatment outcome could be detected. Given the small sample 
size, however, no definitive conclusions can be made.  

Future research is necessary with multicentred, blinded, randomized, and prospective trials 
comparing overt ORN treatment with HBO used alone, with HBO used in conjunction with 
sequestrectomy or resection, and with surgery alone. A similar approach is necessary 
comparing extractions with and without HBO prophylaxis in individuals at risk for 
developing ORN. Given the expensive labour-intensive nature of HBO treatment compared to 
the potential tremendous cost of treating overt ORN, such information would be most 
valuable for future decision making and policy planning.   
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ABSTRACT 
 
Objective To study the effects of hyperbaric 
oxygen therapy on tissue lesions in an 
experimental model of acute pancreatitis 
induced by pancreatic duct ligation. 
 
Animals Forty-eight adult female Wistar rats 
were randomized into two groups (n=24): 
control group and hyperbaric oxygen therapy 
group. 
 
Intervention The second group was treated 
with a two-hour daily session of hyperbaric 
oxygen therapy at 2.5 ATA started 6 hours 
after pancreatic duct ligation. 
 
Setting The two groups were divided into 3 
subgroups of 8 rats each undergoing 
euthanasia on days 1, 3, and 7 after the acute 
pancreatitis induction. 
 
Main outcome measures The pancreas was 
evaluated according to the following 
histopathologic criteria: edema, hemorrhage, 
acinar necrosis and leukocyte infiltration. 
 
Results Hyperbaric oxygen therapy was 
efficient in significantly reducing acinar 
necrosis on the first day (P=0.049) and the 
foci of hemorrhage on the seventh day 
(P=0.050). The edema and leukocyte 
infiltration did not show the expected 
reduction. 

Conclusion The utilization of a daily session 
of hyperbaric oxygen therapy at 2.5 ATA is 
efficient in reducing the hemorrhage and 
acinar necrosis but is not sufficient to reduce 
edema and leukocyte infiltration. 
 
 
INTRODUCTION 
 
Acute pancreatitis is an inflammatory disease 
which affects the pancreas and the 
peripancreatic tissues, and may progress into 
multiple organ failure. The first intracellular 
events are observed with the activation of 
trypsinogen into trypsin inside the zymogen 
granules which is followed by the activation 
cascade of other enzymes, proteases, 
cytokines, oxygen free radicals and 
vasoactive molecules [1, 2, 3, 4, 5]. 
Pancreatic duct ligation at the duodenum is an 
experimental approach which promotes the 
progression of acute pancreatitis similarly to 
that observed in biliary acute pancreatitis in 
humans. Nevertheless, pancreatic duct 
ligation is not classified as a severe condition, 
as it allows survival of the animal for over 14 
days and presents near-zero mortality figures 
[6, 7]. 
Hyperbaric oxygen therapy (HBO) is a 
technique which offers stressed cells what 
they need the most: oxygen (O2). This is only 
possible because O2 intake at atmospheric 
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pressure values above 1 absolute atmosphere 
(ATA), apart from saturating erythrocytes to 
100%, also promotes the dilution of gas in 
plasma. As a whole, HBO leads to tissue and 
circulatory hyperoxia with a series of effects: 
i) a decrease in edema in consequence of the 
vasoconstrictor effect and elimination of 
tissue hypoxia which appears as a result of the 
edema and ischemia; ii) prevention and action 
against infections, by offering the O2 levels 
that leukocytes need in order to play their 
oxidative role, apart from the generation of an 

inhospitable condition for microorganism 
growth; iii) the promotion of angiogenesis, for 
increasing collagen deposits and for 
producing the vascular endothelium growth 
factor by activated fibroblasts; iv) an increase 
in the production of antioxidant substances; 
and v) a decrease in leukocyte adherence to 
the vascular endothelium which improves 
microcirculation [8, 9]. HBO has been tested 
in diverse acute pancreatitis experimental 
models revealing an increase in the 
production of antioxidants and a decrease in 
oxidative stress parameters and in 
histopathological scores [10, 11, 12, 13, 14, 
15]. 
The aim of the study was to assess the effects 
of HBO treatment in ligation-induced acute 
pancreatitis. 
 
METHODS 
 
Animals 
 
Forty-eight adult female Wistar rats (Rattus 
norvegicus albinus) weighing between 200 
and 280 g were used as the animal model in 
this study. All animals were kept in 
polypropylene boxes covered with metal 
screen grids. The boxes were lined with 
autoclave-sterilized sawdust which was 
replaced three times a week. The rats were 
given chow (Labina®, Purina, RS, Canoas, 
Brazil) and water ad libitum, and were kept in 
a 12 h circadian rhythm in a controlled 
environment throughout the experiment, as 
established by the Guide for Care and Use of 
Laboratory Animals [16]. 
 
Design 
 
The rats were randomized to form two groups 
of 24 rats each: a control group and a HBO 
treatment group. These groups were then 
divided into 3 subgroups with 8 rats each 
(euthanasia after 1, 3, and 7 days from acute 
pancreatitis induction). 
 
Acute Pancreatitis Induction 
 
The model used to develop acute pancreatitis 
promoted by pancreatic duct ligation in rats 
was based on the study performed by Samuel 
et al. [6]. All animals underwent a 12 h 
fasting period and were then anesthetized by 

Figure 1. Pancreatic duct ligation (a.) and biliary duct
ligation (b.). Aspect on the 7th postoperative day (c.). 
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sedation with halothane (Fluotane®, Astra-
Zeneca, São Paulo, Brazil) in a campanula, to 
which a 0.1 mL intradermal injection of 
tiletamine chloridrate 125 mg and zolepan 
chloridrate 125 mg (Zoletil®, Virbac, São 
Paulo, Brazil) with 0.05 mL morphine for 
analgesia was added. The surgical procedure 
started with a 2-3 cm median laparotomy. 
Next, the duodenal loop was recognized and 
lifted to afford visualization of the 
biliopancreatic duct. The junction of the 
biliopancreatic duct and the duodenum was 
identified and characterized using a sharp 
polypropylene monofilament wire 5-0 
(Premilene®, B-Braun Medical, Bogota, 
Colombia). Another ligation was carried out 
in this duct, at a point preceding the 
pancreatic duct and between 1.0 and 1.5 cm 
below the hepatic hilum (Figure 1ab). 
 
Hyperbaric Oxygen Therapy (HBO) 
 
The animals of the HBO group were coupled 
in 15x15x20 cm polypropylene boxes covered 

with metal screen grids. The boxes were 
designed so as to fit in the hyperbaric 
chamber (Figure 2). Pressurization was 
conducted at 100% O2 upon reaching 2.5 
ATA, after which point the boxes were kept 
in the chamber for 120 min, in a procedure 
hereafter called HBO session. These HBO 
sessions were repeated once a day, up to the 
time span defined for necropsy. The 1st day 
subgroup was the only group to be given two 
HBO sessions within 24 h: the first session 6 
h after acute pancreatitis induction and the 
second HBO session the morning after, before 
euthanasia. 
 
Macroscopic Inspection 
 
On the 1st, 3rd and 7th postoperative days, the 
8 rats of each group were once again 
anesthetized and euthanized by halothane 
intoxication. The abdominal and thoracic 
cavities were opened and underwent a 
comprehensive examination, with all 
macroscopically visualized lesions being 
photographed. The diameters of the dilated 
pancreatic duct were measured. 
 
Histopathological Analysis 
 
The pancreas, duodenum and part of the 
stomach were fixed in buffered formalin 10%. 
The pancreas was then dissected and 
sectioned along its longitudinal axis and 
subsequently divided into three transversal 
sections as head, body and tail. This material 
was treated according to standard analytical 
techniques and stained with hematoxylin-
eosin to produce slides for microscopic 
examination by a pathologist blinded to the 
study groups. Two slides were prepared for 
each animal, with the random selection of 
four fields on each transversal section for 
scoring purposes. Histopathological lesions 
were analyzed according to the following 
criteria (Figure 3): 
• Edema: serous fluid spills between the 
acinar zones, especially the septae; 
• Hemorrhage: the presence of erythrocytes 
outside the vascular bed; 
• Acinar necrosis: the presence of 
cytoplasmatic changes in microvascularization, 
with scattered cell nucleus degeneration; Figure 2. Hyperabric chamber for small animals. 
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• Leukocyte infiltration: the presence of 
polymorphonuclear and mononuclear cells in 
edematous zones. 
 
Amylase 
 
Blood samples (3.0 mL) were taken by direct 
heart puncture from the rats euthanized on the 
postoperative 1st day in order to measure 
serum amylase levels (BioTécnica, Minas 
Gerais, Brazil; reference range for pilot study 
of the assay in rats without pancreatitis: 530-
810 U/L). These data were used for the 
laboratory confirmation of the diagnosis of 
acute pancreatitis. 
 
ETHICS 
 
This study was approved by the Committee 
for Ethics in Research of the University of 
Caxias do Sul, Brazil. All animals received 
humane care according to the criteria outlined 
in the Guide for Care and Use of Laboratory 
Animals [16]. 
 
STATISTICS 
 
Data are reported as mean and standard 
deviations (SD). The histological score was 
compared between the two groups using the 
Mann-Whitney U test, with significance level 
defined as two-tailed P value less than 0.05. 
We used the SPSS for Windows (Version 
13.0) package for statistical data analysis. 
 
RESULTS 
 
Amylase 
 
The laboratory acute pancreatitis diagnosis 
was confirmed in only six animals of each 
group on the 1st day. Amylase levels were not 
tested in the rats euthanized after 3 and 7 days 
because amylase levels fall in the days after 
pancreatitis induction. Amylase mean levels 
in rats sacrificed on the 1st day after 
pancreatic duct ligation were 3,517±1,754 
U/L (range: 2,000-5,850 U/L) in the control 
group and 5,428±3,773 U/L (range: 2,000-
10,230 U/L) in the HBO therapy group 
(P=0.415). All animals had amylase levels at 
least two times higher than the upper limit of 
the reference range and the criteria for 
diagnosis of pancreatitis were histologic. 
 

Macroscopic Inspection 
 
The macroscopic inspection of the abdominal 
cavity revealed the presence of an 

Figure 3. Edema and leukocyte infiltration (a.), 
hemorrhage (b.) and acinar necrosis (c.). (H&E, 400x 
magnification) 
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inflammatory process in the pancreas, and 
foci of steatonecrosis (fat necrosis) scattered 
in the cavity, more prominent in the group 
euthanized on the 3rd day and almost 
undetectable in the 7th day specimens (Figure 
4), except for one rat in the control group 
sacrificed on the 3rd day which presented a 
large amount of fat necrosis, apart from signs 
of stress and distension of the intestinal loops 

as is typically observed in intestinal ischemia 
processes. The rats sacrificed on the 7th day 
exhibited intense dilation of the biliary and 
pancreatic ducts as observed macroscopically. 
In 4 rats of the control group, the mean 
pancreatic duct diameter was 5.25±0.29 cm, 
while, for the 7 rats of the HBO group, this 
value went down to 4.21±1.60 cm (P=0.255) 
(Figure 1c). The mean biliary duct diameter 
was 6.88±0.85 cm and 7.71±2.94 cm in the 
control and HBO groups, respectively 
(P=0.849). The inflammatory response in the 
pancreas was minimal, and fat necrosis in the 
abdominal cavity was scarce. 
 
Microscopic Investigation 
 
One animal in the HBO group sacrificed on 
the 7th day was accidentally lost. By 
comparing the results of the histological 
scores of the control group and the HBO 
group, a statistically significant difference in 
the reduction of acinar necrosis in the 
pancreas was observed for the latter (P=0.049; 
Figure 5), for the first 24 h only. The use of a 
once daily HBO session for 7 days was 
efficient in decreasing the number of 
hemorrhagic sites (P=0.050; Figure 6). The 
comparison of the occurrence of edema 
(Figure 7) and pancreas inflammation (Figure 
8) between the animals of the HBO and the 
control groups did not present statistically 
significant differences. 
 
DISCUSSION 
 
In consequence of the diverse manifestations 
of acute pancreatitis a comprehensive, 
realistic representation of its progression in 

Figure 4. Macroscopic image of the HBO group (a.) 
presenting a pancreas with necrosis. Small intestinal
loop with ischemia and steatonecrosis (b.). 

Figure 5. Mean histopathological scores of acinar
necrosis. 

Figure 6. Mean histopathological scores of 
hemorrhage.
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humans becomes difficult. There is no such 
experimental model considered ideal for 
depicting acute pancreatitis, and the 
experimental approach adopted depends on 
the main objectives of the individual research 
papers [1]. Yet, the pancreatic duct ligation 
model is easy to conduct and reproduce, 
affording the study of histological lesions 
such as edema, necrosis, hemorrhage and 
leukocyte infiltration. Moreover, the method 
mimics biliary acute pancreatitis and imposes 
minimal mortality rates on the sample, since 
severe acute pancreatitis does not develop [6, 
7]. The body of research published on the role 
of HBO in acute pancreatitis is very limited, 
both from the clinical and the experimental 
standpoints. MEDLINE/PubMed (http://www. 
ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubM
ed) and LILACS (http://bases.bireme.br/cgi-
bin/wxislind.exe/iah/online/?IsisScript=iah/ia
h.xis&base=LILACS&lang=i) databases do 
not indexed the publication of studies on 
HBO in a pancreatic duct ligation model, at 
least as of April, 2008. 
In 1998, Chen et al. studied the effects of 
HBO on microcirculatory changes (the 
technique used was the vital microscopy 
technique of post-capillary venules), tissue 
lesions and malondialdehyde levels (an 
oxygen-free radical) produced during the first 
12 h after acute pancreatitis induction by 
cerulein i.v. and intraductal glycodeoxycolic 
acid. The results showed that HBO improves 
the flow of erythrocytes and reduces 
leukocyte adhesion to the venular 
endothelium. Apart from this, the treatment 

improved the severity status of edema-related 
histological changes as well as inflammation, 
hemorrhage and necrosis, and it also led to 
lower malondialdehyde levels as compared to 
the control group [10]. Nikfarjam et al. 
studied pancreatitis induced by sodium 
taurocholate 4% and HBO treatment (2.5 
ATA for 90 min, every 12 h, with up to 8 
sessions), and showed a decrease in tissue 
lesion severity, a decline in necrosis incidence 
(from 54 to 40%, P=0.02), and an increase in 
survival after 7 days (from 27 to 40%) [12]. 
In the present study, the animals which 
received two HBO sessions [7] and were 
euthanized 24 h after acute pancreatitis 
induction presented a lower incidence of 
edema, inflammation, hemorrhage and 
necrosis (only the necrosis figures being 
statistically significant; P=0.049). These 
findings may be explained by the obstructions 
observed in the microcirculation in the 
pancreas and in other organs as a result of 
leukocyte adhesion to the vascular 
endothelium, which may ultimately increase 
the incidence of necrosis, inflammation and 
tissue edema. Furthermore, activated 
leukocytes are the main agents responsible for 
oxygen free radical production, developing 
oxidative stress which in turn is behind 
systemic inflammatory response and multiple 
organ failure [9]. 
In a study of HBO as a treatment for severe 
necrotizing acute pancreatitis in acute 
pancreatitis induced by sodium taurocholate 
3% in rats, Yasar et al. used two daily 
sessions for five days. Malondialdehyde 

Figure 7. Mean histopathological scores of edema. Figure 8. Mean histopathological scores of leukocyte 
infiltration.
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levels, superoxide dismutase (SOD) and 
glutathione peroxidase activities were the 
parameters measured in the erythrocytes and 
the pancreatic tissue. HBO produced 
significant results in the reduction of 
oxidation levels in comparison with the 
control group, due to the decrease in 
malondialdehyde levels and to the increase in 
antioxidant activity by increasing SOD and 
glutathione peroxidase activities, both in the 
pancreatic tissue and in the erythrocytes. 
Lower mortality figures were also observed in 
the HBO group as compared to the control 
group [11]. Similar results were found in a 
study of these antioxidants in the lung 
parenchyma [13]. 
Zalaudeck et al. studied the effect of HBO on 
a necrotizing acute pancreatitis model which 
used pigs as the animal model, and observed 
that all animals (n=4) in the group which was 
not treated eventually died while, in the 
treated group, two out of 3 animals survived. 
These animals presented more clearly defined 
necrotic zones, and the conclusion was that 
HBO reduces mortality and improves the 
prognosis in necrotizing acute pancreatitis 
[17]. In the present study, as the experimental 
design did not include severe necrotizing 
acute pancreatitis and mortality was an 
undesired outcome, a once daily HBO session 
was adopted to establish HBO effects on 
tissual lesions throughout the seven days of 
treatment. This aspect of our experimental 
protocol is explained by the fact that one 
single HBO session a day is the approach 
normally adopted in the treatment of 
inflammatory and traumatic human diseases 
[8]. As far as we know, there are no studies 
which demonstrate the period in which the 
effects of hyperoxia are seen in the pancreatic 
tissues. Similarly, no knowledge of the ideal 
ATA pressure is indicated for the treatment of 
such cases [8, 9]. This explains why no 
statistically significant results were obtained 
for the group of rats euthanized on the 3rd day. 
Indeed, such a result came as a surprise, and 
proves the need for research protocols to 
study the ideal HBO regimens to be observed 
in pancreatic duct ligation-induced acute 
pancreatitis. Throughout the seven days of the 

treatment, HBO was shown to be capable of 
reducing all the histological parameters 
measured. Nevertheless, among the 
parameters investigated, only the reduction in 
hemorrhage sites was statistically significant, 
possibly due to the benefits of HBO to 
microcirculation. It may be hypothesized that 
the absence of statistical significance in the 
other parameters may be the consequence of 
the accidental loss of one animal of the 7th 
day HBO group. We did in fact consider the 
implications of adding a new animal to the 
group to compensate for this loss. However, 
this idea was rejected, because a statistical 
test revealed that no significant difference 
would be observed between the groups, even 
if the lost animal had been taken as presenting 
the top necrosis score. 
 
CONCLUSION 
 
The adoption of a once daily HBO session at 
2.5 ATA efficiently reduces hemorrhage and 
acinar necrosis, although it is not enough to 
reduce edema and leukocyte infiltration. 
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Hyperbaric Oxygen Therapy for Autism and Other Developmental 
Disorders 

   

 

   

Hyperbaric Oxygen Treatment 

The logic for using hyperbaric oxygen treatment for developmental disorders relates to the auto-
immune and/or viral theory of these conditions. Hyperbaric oxygen has been studied for auto-
immune disorders and found to be helpful. [References for this will be posted soon]. Encephalitis, 
in this theory, is thought to be part of developmental disorders. The encephalitis can be initiated 
by viral infection, by exposure to vaccines, and/or by other auto-immune processes (the result of 
exposure to abnormal opioid-like substances from the opioid excess hypothesis, for example). 

 

Hyperbaric Oxygen Treatment Study 

Patients with viral encephalitis from ages 1 yr. to 11 yrs. were treated with hyperbaric oxygen 
therapy. The treated group consisted of 47 patients, 28 male and 19 female. The control group 
consisted of 45 patients, 24 male and 21 female. Viral encaphalitis presents a model for the 
inflammation that may be part of autism. Studies such as this provide a basis for the use of 
hyperbaric oxygen therapy for autism. Hyperbaric oxygen therapy was provided at 1.8 atm abs for 
80 minutes daily for 10 days in a pure oxygen monoplace unit. The control group received 
supportive therapy with appropriate drugs. 

Results: 

Table 1. Comparison of the Curative Effect of the High Pressure Oxygen Treatment Group and 
the Control Group 

Group  Cases 
#  

Cured 
# (%)  

Effective
# (%)  

Ineffective
# (%)  

Total Effective 
(%)  

Treatment 47  18 (38.3) 25 (55.3) 3 (6.4)  93.6  

Control  45  8 (17.8) 20 (44.5) 17 (37.8)  62.2 

P Value     <0.05  N.S.  <0.0001  <0.01  

Clearly, hyperbaric oxygen therapy is effective for the treatment of encephalitis in childhood. 

Hyperbaric oxygen has an important role in the treatment of brain injury, and perhaps also 
developmental disorders. (See: The role of Hyperbaric-Oxygen Therapy for intracranial pathology in 
Intensive Care). 

Since we know of no data on the use of hyperbaric oxygen for developmental disorders, and, 
since patients are doing these therapies, we will endeavor to review what is known, so that 
parents can at least make informed choices. In Pennsylvania, the range of cost for hyperbaric 

http://www.healing-arts.org/children/autism-overview.htm#Autoimmune
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treatments is from a low of $110 per treatment in Columbia, Pennsylvania, in the center of the 
state, to a high of $850 per treatment at St. Francis Hospital, in Pittsburgh. This range apparently 
exists around the country, with the most common charges being in the $225 to $280 range. 

 

Encephalic Lesions and Hyperbaric Oxygen 

Hyperbaric-Oxygen Therapy (HBOT) has been used to treat encephalic lesions for over a 
decade. 

Encephalitis can compromise blood supply to vital brain tissue, as can stroke, arterial narrowing, 
and arteritis (inflammation of the arteries). When blood supply of an area is compromised, a 
shadow like spread (called a penumbral zone) of damage occurs around the compromised area. 
HBOT can reduce damage to the areas of the brain that have reduced oxygen flow (ischemia) 
through improved bio-availability of oxygen in these ischemic areas, and indirectly through 
regulatory action of cerebral flow that improves perfusion in "critical" areas. 

HBOT improves oxygen diffusibility throughout the brain, lowering lactates and raising ATP in 
affected areas; improving glucose metabolism by lowering production of substances, like 
aspartate and glutamate, which are responsible for over-response of the receptors; improving 
metabolic processes and perfusional flow distribution, bringing the generation of free radicals in 
the intracranial area under greater control. 

As therapy can act only on areas not irreversibly damaged, treatment must occur as early as 
possible. 

 

The Importance of Glial Cells 

HBOT brings dissolved oxygen to the glial level that is important in treating brain damage. HBOT 
helps redistribute blood to the non-ischemic areas around the lesions, preventing these areas 
from being harmed. These areas are generally affected by the response of the brain to injury 
which is a vasoconstriction, making them more susceptible to ischemic damage also, thereby 
continuing to spread the damage beyond its original area. HBOT prevents this "stealing" of blood, 
reducing intracranial pressure and raising tissue oxygen flow. 

Glial cells are important and preventing their damage is necessary. 

This press release from Stanford University illustrates this concept further: 

Lowly Glia Strengthen Brain Connections 

STANFORD -- Once dismissed as mere padding, cells known as glia may be essential for the correct 
wiring of the brain. This is the conclusion of a study reported in the Sept. 12 issue of Science by 
researchers from the Stanford University School of Medicine. 

Postdoctoral fellow Frank Pfrieger and Dr. Barbara Barres, associate professor of neurobiology, used 
pure populations of nerve cells and glia to show that, by themselves, the nerve cells connected 
together poorly, but the combination of the two cell types resulted in strong connections between 



nerve cells. 

In the brain, such connections allow nerve cells to pass along messages about our every sensation, 
thought and movement. 

Glia make up approximately 90 percent of the cells in the human brain, and yet researchers have 
assigned mainly passive functions to them. Some glia wrap around nerve cells and insulate them with 
a protein called myelin. Glia at synapses act both as a physical barrier that prevents crossed wires and 
as a disposal unit that mops up extra messenger molecules released by nerve cells. 

The nerve cells chosen for the Stanford study -- retinal ganglion cells -- lead from the eyes deep into 
the brain. Barres is using them as representatives of a large class of nerve cells in the brain: those that 
use a chemical messenger called glutamate to send a positive, or excitatory, signal. 

It is also possible, she said, that glia control the strength of synapses in the fully developed brain, 
beefing up some circuits and turning down others. 

There are five types of glial cells: 

• Oligodendroglia, which provide the insulation (myelin) to neurons in the central nervous system. 

• Schwann Cells, which provide the insulation (myelin) to neurons in the peripheral nervous 
system. 

• Astrocyte (Astroglia), star-shaped cells that provide physical and nutritional support for neurons:  

1.   to clean up brain "debris";  
2.   to transport nutrients to neurons;  
3.   to hold neurons in place;  
4.   to digest parts of dead neurons;  
5.   to regulate content of extracellular space  

• Microglia, which like astrocytes, digest parts of dead neurons. 

• Satellite Cells, which provide physical support to neurons in the peripheral nervous system 

 

Hyperbaric Oxygen Therapy - Questions and Answers: 

Q:   Why is oxygen so important in the first place? 

A:   Every day an average adult consumes four pounds of food, two pounds of water and almost 6 
pounds of oxygen. People need about the same amount of oxygen by weight compared to food 
and water combined! >From that six pounds of oxygen about 2 pounds gets into the blood for 
transport to tissue cells. We need this oxygen in order to complete the energy cycle that sustains 
life. 

Q:   Is hyperbaric oxygen different from natural oxygen? 



A:   Hyperbaric oxygen is natural oxygen, delivered in a pressurized chamber. The increased 
pressure does not change the molecular composition of oxygen. The increased pressure just 
allows extra oxygen to get into tissues above regular amounts. 

Q:   What do you feel inside a hyperbaric chamber? 

A:   Chamber atmosphere pressurization occurs slowly allowing you to adjust ear pressure 
changes. As the air pressure increases just yawn, swallow or "blow your nose" to clear pressure 
changes in your ears and you are "good to go". Other than this there are no unusual or different 
sensations. 

Q:   So what difference does extra pressure create? 

A:   Hemoglobin (in red blood cells) holds 97% of its maximum amount of oxygen from normal air 
or holds 100% when breathing pure oxygen. The limit that one gram of hemoglobin can combine 
with oxygen is 1.34 ml. Red blood cells can only deliver a limited level of oxygen to tissue cells, a 
pO2 of 40 mmHg or less. This is called oxygen tension (or oxygen partial pressure, "pO2") and is 
measured in units labeled "mmHg" (the amount of pressure able to raise the equivalent weight of 
a liquid mercury column, pretty heavy stuff). 

Injuries, infections and diseases can drop this vital tissue oxygen level down to almost zero! As 
we age we can loose vital lung capacity and the ability to effectively obtain adequate oxygen. 
Some disease conditions impair oxygen utilization. Also, injuries or conditions with swelling can 
cause pressure that cuts off circulation flow. This loss of blood flow, called ischemia, cuts off 
oxygen circulation to the affected areas of the body. This problem drops the pO2 gravely low, 
destroys tissue, and slows healing. 

Research has shown optimal tissue healing occurs if pO2 rises to 80 mmHg. Oxygen given in a 
normal room is not sufficient to raise tissue oxygen levels to 80 mmHg because red blood cells 
cannot carry the extra oxygen. The answer is to deliver the oxygen in a pressurized chamber to 
raise oxygen tension beyond red blood cell saturation. 

Q:   What is the difference between saturation and oxygen tension? 

A:   The problem we face in advocating proper useage of oxygen involves confusion between 
saturation and oxygen tension, 100% vrs. 100 mmHg. Only dissolved oxygen contributes to the 
tension (or partial pressure). Study the figures for oxygen transported by plasma (liquid) vrs. 
hemoglobin (one gram hemoglobin can only combine with 1.34 ml oxygen) - in 100ml of healthy 
blood there is 19ml oxygen as oxyhemoglobin and 0.3ml oxygen in liquid solution, here the 
hemoglobin is near maximum saturation (98%) and the pressure or tension of oxygen in the liquid 
solution is initially 95mmHg and downline tissue levels may only be 40mmHg. Breathing pure 
oxygen at 2.8 times atmospheric pressure increases the amount of oxygen in (plasma) liquid 
solution to almost 6.6 ml per 100ml blood. This increased oxygen volume measureably increases 
the oxygen tension and downline tissue levels can rise upwards of 200mmHg. 

Q:   How did you calculate that? 

A:   The solubility of oxygen in water (liquid of whole blood) is 0.0236mlO2/ml/atmPaO2. So, 
times 100ml (the relative unit) times the amount of atmospheric pressure and you get near the 
arterial partial pressure of oxygen, minus losses for dilution and transfer through the lungs. 

Q:   So how does being inside a pressurized chamber give us more oxygen? 

A:   When we sit inside a chamber pressurized at twice the normal air pressure it may not feel 
different, but we breathe double the number of molecules. Breathing pure oxygen in such a 
chamber gives us 10 times the regular amount of oxygen. In one hour we can inhale 2.4 pounds 



of oxygen! Red blood cells instantly fill with oxygen and the extra oxygen dissolves directly into 
the blood fluid. In a few minutes this extra oxygen builds up tissue oxygen levels far above 
normal. This action has been scientifically proven to stimulate healing. In order to raise tissue 
oxygen tension to 80 mmHg for optimal healing one must have oxygen delivered under increased 
atmospheric conditions. This is not a plastic bag but a solid chamber certified to safely hold the 
high pressure. How high? The pressure against a 30" hyperbaric chamber hatch at 2 
atmospheres has about 10 tons of pressure exerted against it! 

Q:   What is the history of HBO2? 

A:   The first pressurized room used to treat health problems was built by an Englishman named 
Henshaw in 1662; however, it was not until over a century later in 1788, that compressed 
hyperbaric air was put to large scale use in a diving bell for underwater industrial repairs of an 
English bridge. The first deep sea diving suit, invented in 1819 by August Siebe, used 
compressed air supplied to the helmet for generous underwater movement. A French iron shop in 
1834 built the first hyperbaric tank under the direction of Dr. Junod. A copper sphere five feet in 
diameter with the appropriate viewports and compressed air fittings became the center of 
attraction for many patients. He reported wonderful recovery from a variety of debilitating 
conditions in the Bulletin of the Academe of Medicine. Hyperbaric enthusiasm spread among the 
European countries during the next forty years. Sick people came from America to try the new 
therapy. An enterprising Canadian built the first North American hyperbaric chamber in 1860.  

Early French hyperbaric assisted surgery demonstrated that patients recovered with fewer 
complications. This interested the European medical profession. Dr. John S. Haldane studied the 
effects of compressed oxygen and taught at the University of Dundee in the early 1900's. He 
developed the first diving tables for the Royal Navy. His legacy gives him the title "Father of 
Oxygen Therapy" and physicians continue in his line of work to this day. 

In 1918 Dr. Orval Cunningham considered the differences between people living or dying through 
the flu epidemic in the Rocky Mountains. He noticed people in the valley fared better than people 
in the mountains. He reasoned that denser air in the valley helped people fight the infection. He 
had an 8' diameter by 30' long hyperbaric chamber built next to his medical clinic. His good 
outcomes with patients suffering from pneumonia encouraged him to build other chambers. He 
built the world's largest functional hyperbaric chamber, a 64' steel sphere "hyperbaric medical 
hotel" with five floors of living space. The Great Depression in the 1930's ended his project and 
the giant chamber was scrapped for the war effort in the 1940's. 

Harvard Medical School had a hyperbaric chamber built in 1928. It provided a tool for years of 
research. Public interest for HBO2 started to grow in the 1960's after publicity about its use on 
President Kennedy's sickly infant. In the last three decades great strides in HBO2 research has 
raised the value of this unique therapy. University studies have expanded the list of conditions 
usefully treated with compressed oxygen. Doctors used to ask, "Can it work?" Now they ask, 
"How much is needed to completely work?" 

Q:   Why are HBO2 treatment outcomes for stroke or other brain injuries so varied? 

Q:   Is there any reason to believe that the beneficial effects of HBO2 would continue beyond 
treatment endpoint? If so, approximately how long and why? 

A:   Barr and Perrins published some observations on this matter in the Proc.11th International 
Congress 1995 (ISBN 0-941332-44-6). Briefly, they showed tissue oxygen partial pressure 
measurements that rose from near zero to 50 mmHg after some months long course of HBO2 
were retained without further treatment for at least three years! They tought they were witnessing 
a vascular 'medical disobliteration'. Whether this is due to recanalization of atrophied vessels or 
in-growth of neovasculature is open to question. 



A:   The ultimate clinical status and recovery with brain injuries depend upon: the size and 
location of the epicenter or core of irreversible destruction; the surrounding zone of dormant but 
recoverable neurons (ischemic penumbra) fanning out in varying rings from the center core; the 
asymmetry involved; the reorganization and plasticity of altered and nonimpaired sensory and 
motor brain functions; meshing of sensory and motor fibers at the brain stem cord junction; 
progression of temporal intervention with HBO2. 

Summary of the effects of HBO2 both in acute and semi-acute and long-term neurologic 
conditions: HBO2 reduces any pressure within the brain caused by swelling, restoring the 
functions of the blood brain barrier and cell membrane; It neutralizes toxic products in the brain, 
and over a period of time, enhances growth of new blood vessels; It also acts as a scavenger of 
free radicals and promotes internal cleaning of debris; HBO2 also reduces the stickiness of blood 
products (white blood cells and platelets), and makes oxygen available for use without energy 
transfer (when the hemoglobin carries oxygen, it requires energy to deliver to the tissue spaces); 
With HBO2 the free oxygen is available immediately for metabolic use. 

 

Hyperbaric Oxygen and Ischemia 

Hyperbaric oxygenation has proven benefits in reversing the effects of ischemia. 

Oxygen is the most essential substrate for metabolism. We only function by oxidative metabolism 
and the reason for restoring blood flow to the brain with CPR is to establish an oxygen supply. 

Hypoxia (low oxygen levels in tissue) hinders healing. The sooner that tissue hypoxia is corrected 
the better the outcome. Many hypoxic tissues require hyperbaric pressure to achieve a significant 
increase in oxygen delivery because of poor oxygen solubility in blood. Although pure oxygen is 
easily available around the world why is the use of high dosage oxygen not accepted and used 
despite many thousands of publications, including controlled trials, attesting to its value? Here are 
eleven reasons provided by Dr. Philip James: 

I. Oxygen transport is determined by the percentage respired and the barometric pressure. In 
normal hospital practice barometric pressure is ignored and it is assumed that patients receiving 
100% are being given the same amount. In the UK this is not important but in, for example, 
Denver, Colorado, which is at an altitude of over 5000 feet, the partial pressure is significantly 
lower than at sea level and a hyperbaric chamber is needed to give the same amount of oxygen 
as at sea level. 

II. Tissue hypoxia may be present in the absence of cyanosis. Oxygen supplementation is 
accepted in the alleviation of cyanosis, where the absolute level of deoxygenated hemoglobin 
exceeds 5g /100 ml of blood. However, the presence of cyanosis requires blood to be present in 
the microcirculation of a tissue and there can be significant hypoxemia without cyanosis when the 
hematocrit is low or when there is microcirculatory closure. 

III. Plasma oxygen transport is not limited by the saturation of hemoglobin. It is common for 
physicians to argue that blood is saturated with oxygen when a normal oxygen partial pressure 
(0.21 atm abs) is breathed at sea level. However it is not blood that is saturated, it is hemoglobin. 
The transport of oxygen by hemoglobin is finite as each of the ferrous receptor sites on the 
molecule can only bind one oxygen molecule. However, the plasma oxygen content increases 
directly as a function of the inspired partial pressure of oxygen. Breathing pure oxygen at twice 
atmospheric pressure, the plasma oxygen content is ten times the value of breathing air at sea 
level and life can be sustained without hemoglobin (continued consciousness may need higher 
pressure). 



IV. Oxygen transport to tissue depends on the tension of oxygen in plasma. Severe tissue 
hypoxia can be present when arterial oxygen tensions are normal if local circulatory factors, such 
as arterial occlusion, closure of the microcirculation and edema are present. An increase in the 
water content of tissue limits oxygen transport. If inflammation, edema and the invasion of 
metabolically active inflammatory cells occur at the same time, we can have hypoxia even when 
the blood flow per unit volume of tissue is increased, hence hyperemic hypoxia. In hyperbaric 
conditions the oxygen plasma tension increases from values of 95mm Hg to over 2000 mm Hg 
increasing the gradient or the transfer of oxygen into tissues by 20 fold. 

V. Normal blood flow does not ensure normal oxygenation. Oxygen delivery requires blood flow, 
although blood flow may be normal and the tissue still hypoxic. The only tissue that does not 
need blood flow for oxygenation is the lung. 

VI. Oxygen is not "Hyperbaric". The use of the term "hyperbaric" may appear to imply that the 
oxygen delivered is different to the molecular oxygen available from the air. People may think of it 
as singlet oxygen, 01, or ozone, O3. The correct terminology is hyperbaric oxygenation or 
hyperoxia. The psychology of the word "hyperbaric" indicates a potential education or marketing 
problem. 

VII. The adjunctive nature of most oxygen supplementation. Oxygen may be a primary treatment 
in some instances, but the impression is often given that oxygen therapy replaces other 
treatment. In most cases this is incorrect, other therapy is needed and optimal care is not a 
competition between therapies. 

VIII. The paradox: hypoxia causes oxygen free radical toxicity. Paradoxically it is hypoxia that 
mediates the release of oxygen free radicals. An inadequate oxygen supply to tissue results in 
the catabolism of ATP to adenosine and the creation of an electron donor, xanthine. When 
oxygen is made available the electron is accepted to form the superoxide anion 02. A cascade of 
interactions leads to the generation of the hydroxyl ion which is capable of damaging membranes 
and allowing calcium into the cell. It is important to recognize that this is caused by hypoxia. 
Correcting hypoxia will limit the extent of free radical formation. 

IX. Hyperoxia and oxygen toxicity. It is well known that exposure to pure oxygen for a prolonged 
period, that is, in excess of 24 hours at 1 atm abs causes reversible damage to the endothelium 
of pulmonary capillaries. Short term exposure to very high oxygen pressures, for example, 3 ATA 
for 2 hours may cause convulsions resembling grande mal epilepsy. The time to convulsion is 
reduced by exercise or an increased metabolic rate. It is suspected that oxygen free radicals are 
involved in these toxic effects. However the 

clinical use of hyperbaric oxygen uses well-defined exposure limits where neither of these effects 
are significant. The sites where autoregulation may fail to limit blood flow are the ends of fingers 
and toes. This is because arteriovenous shunts are present to return blood in vasodilatation and 
results in blood flow which is greatly in excess of tissue requirements. Toxicity to peripheral nerve 
endings is often manifest as parasthesia. Pre-existing epilepsy does not lower the threshold to 
oxygen toxicity, and epilepsy can be treated by HBOT. 

X. Unfamiliar technology. Hyperbaric medicine is not generally familiar to most physicians 
because it is rarely taught in medical schools. Those who are involved have generally come from 
the fields of aviation or diving. As both of these disciplines use high technology, it is not surprising 
that hyperbaric oxygen itself is viewed in this light. However, the pressures used clinically, up to a 
maximum of 3 ATA, are very modest in comparison to the maximum human experimental 
pressurisation of 71.1 atm abs. Unfortunately even physicians familiar with hyperbaric medicine 
refer to "fitness to go under pressure," forgetting that we are all subject to normal atmospheric 
pressure. Also, it is outside our pharmaceutical paradigm in the west. In other cultures it has been 
more readily accepted. The HBO2 approach has largely come after the tablet/injection approach 



was developed and therefore takes second place in healthcare. HBO2 has to jump higher "proof" 
hurdles to be accepted. 

Xl. Finance. The use of increased pressure requires a hyperbaric chamber and therefore some 
financial investment. In the case of a walk-in multiplace chamber this can be considerable and 
there are usually building modifications required. There is no commercial promotion of oxygen in 
the pharmaceutical sense to make physicians aware of hyperbaric oxygenation's value. This will 
not change and is a major reason for the slow growth of oxygen as a therapy. No promotion 
without a patent! No matter how much scientific evidence we produce we need marketing and no 
one will make that investment without a return. We have more scientific evidence about actions 
and mechanisms supporting the correction of tissue hypoxia than any pharmaceutical product. 
Breathing oxygen actually reduces the volume of a pneumothorax by increasing the inherent 
unsaturation and gradient for nitrogen elimination. 

Other reasons why HBO2 chambers are not in every doctor's clinic: 

It is very clear there is a general failure to understand the fundamental importance of oxygen in 
human physiology. If this were not the case, HBO2 would already have become just another tool 
used in the day-to-day practice of medicine as are pills, surgical knives and injections. Perhaps a 
major barrier to gaining greater acceptance within the medical community at large is the 
persistence in referring to clinical HBO2 treatments as "dives".  

Diving and clinical hyperbaric medicine are not the same thing. Diving relates to underwater 
military, commercial or amateur activities, recompression is necessary when things go wrong, it is 
not a choice if you wish to resolve a DCS problem. In clinical applications patients do not go 
anywhere near the water; they are pressurized for the specific purpose of increasing tissue 
oxygen tensions in order restore or assist the healing process. The term "fitness to dive" is 
another diving term and relates to the ability of an individual to deal with the physiological stress 
of deep diving and working underwater.  

The whole objective of pressurizing a clinical patient is to increase tissue oxygen tensions in 
conditions where HBO2 is beneficial. This would not be necessary if they were "fit". A patient in a 
chamber breathing 100% oxygen is under less physiological stress rather than more because of 
the benefits derived from the oxygen. A simple risk analysis suggests that the risk of ear squeeze 
associated with hyperbaric treatment, is considerably less than risk associated with radical 
surgery, limb loss or death from multiple organ failure.  

There are many precautions that can be taken to reduce the risk associated with treatment in any 
medical modality, clinical HBO2 is no different. Slow down rate of pressure change, insert 
grommets and give vitamin E are just a representative sample. It is not "fitness to dive" that is the 
issue, just responsible medical practice. The rate of impending or actual aural barotrauma (ear 
pain) requiring aborting of a treatment on compression is less than 3% of total attempted 
treatments, and mostly due to people with a history of head and neck irradiation and eustachian 
tube dysfunction, complex head and neck surgery and those with residual CNS depression from 
drugs. Calling hyperbaric sessions "dives" does contribute to the underuse of HBO2 therapy. 

Dr. Philip James' notes that in Great Britain their hyperbaric facilities have safely done over 1.2 
million patient sessions without incident. He says that, "Engineering standards are of primary 
importance but adequate training for the operation of chambers in a non-acute setting requires 
only basic information. It is sensible to supplement the growth period in children having brain 
damage as there is a syndrome of delayed deterioration after birth injury."  

For information on hyperbaric oxygenation in brain injured children contact Mrs Linda Scotson, at 
the Hyperbaric Oxygen Trust for Brain Injured Children, Ryton House, Forest Row, East Sussex 
England. 



 

Vitamin Use in Hyperbaric Oxygen Therapy 

Dr. Richard Kelton, hyperbaric physician at the Greater Baltimore Medical Center, believes that 
vitamins A, C, and E should be used in conjunction with hyperbaric therapy to treat central 
nervous system conditions. There is some debate about this. These vitamins are free radical 
scavengers.  

On one side of the debate are those who believe that treatment of necrotizing infections should 
be advanced by the release of free radicals, and that vitamins should not be used. On the other 
hand, these vitamins may reduce oxygen toxicity in the central nervous system or the lungs. 
Some believe that vitamin E should be withheld when wound healing is desired, since it is known 
to impede collagen formation.  

Unfortunately, as most acknowledge, all of this is conjecture, since there is no data upon which to 
rely. Nevertheless, for hyperbaric therapy of autism and cerebral palsy, adjunctive use of vitamins 
seems desirable. Dr. Kelton can be reached at the Error! Hyperlink reference not valid..  

 

Published Papers Regarding Hyperbaric Oxygenation for Anoxic Encephalopathy 
and Coma 

1. Neubauer RA. The effect of hyperbaric oxygen in prolonged coma. Possible identification of 
marginally functioning brain zones. Medicina Subacquea ed Iperbarica. 1985: (3) 75-79.  
 
17 cases of vegetative coma for 1 - 22 months. 40 - 120 exposures over 20 - 90 days. Glasgow 
Coma Scale improved in all. Complete recovery of 5.  

2. Eltorai I, Montroy R. Hyperbaric oxygen therapy leading to recovery of a 6-week comatose patient 
afflicted by anoxic encephalopathy and post-traumatic edema. J. Hyperbaric Medicine 1991: (3) 189-
198.  
 
90 mins HBO2 od. After 24 sessions, started talking and ate meals. Gradually mobilized to a 
wheelchair. 

3. Harch PG, et al. SPECT brain imaging and low pressure HBO2 in the diagnosis and treatment 
of chronic traumatic, ischaemic, hypoxic and anoxic encephalopathies. Undersea and Hyperbaric 
Med. 1994 (Supp)  
 
4/5 showed improvement in focal cortical & deep grey matter deficits. 

4. Shn-rong Z. Hyperbaric Oxygen Therapy for Coma - report of 336 Cases. In Proc XI Intnl Cong 
Hyperbaric Med. Best, Flagstaff. 1995; 279-285  
 
HBO2 is effective in acute brain hypoxia and oedema and can hasten recovery of consciousness, 
including prolonged coma. 

5. Neubauer RA, Gottlieb SF, Pevsner NH. Long-anoxic ischaemic encephalopathy: predictability 
of recovery. In Proc XII Intnl Cong Hyperbaric Med. Best, Flagstaff. 1996. (In press).  
 
8 long-term patients with severe anoxic ischaemic encephalopathy between 3 months and 12 
years. Improvement in all cases, both clinically and on SPECT scans. Until the introduction of 
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SPECT scanning there has been no diagnostic technique providing evidence that any treatment 
would be effective. 

6. Quinly C, Shaoji Y. Nursing of Brain-Stem injury with HBO2. Ibid.  
 
39 patients treated with HBO2. Decreased mortality and increased awake rate. 

7. Zhi Y, et al. Assessment of the efficacy of HBO2 in patients with a persistent vegetative state. 
Ibid.  
 
8 patients in coma, longest 281 days prior to HBO2. 20 - 86 daily sessions. All resumed 
consciousness. 

8. News article: "High pressure chambers could be used in preventing paralysis"  
 
Washington (May 10, 1998) - High pressure chambers used to treat divers who rise too fast 
underwater could he used to help prevent paralysis in people with damaged spinal cords, 
researchers said Sunday. "It may mean the difference between significant disability and no 
disability," Dr. Philip James of the University of Dundee in Scotland said in a statement. James 
said the high pressure chambers forced healing oxygen into the tissues of a damaged spine. If 
the blood flow is not restored quickly, cells die, resulting in permanent damage.  
 
A consultant to the North Sea diving industry, James told a conference in Washington that 
hyperbaric chambers used to treat or prevent the "bends" from decompression sickness in divers 
would also benefit patients who had spinal injuries. "Most trauma centers do not have hyperbaric 
chambers, which is a tragedy, and most physicians don't understand the need to increase the 
dissolved oxygen in the plasma of the blood," said James, who presented his ideas to the Space 
and Underwater Research Group of the World Federation of Neurology. 

9. "Hyperbaric oxygen and reflex sympathetic dystrophy: a case report", Peach G. Hyperbaric 
Medicine Department, Shock Trauma Center, University of Baltimore Medical Center, Baltimore, 
Maryland. "Hyperbaric oxygen and the reflex sympathetic dystrophy syndrome; a case report". 
Undersea Hyperbaric Medicine 1995; 22(4):407-408.  
 
A patient suffering from acute smoke inhalation also had a long medical history that included 
reflex sympathetic dystrophy syndrome of the left foot and ankle. The entire foot and ankle were 
tender and cool to palpation; range of motion was severely reduced. Shewas referred for 
hyperbaric oxygen therapy , and 15 minutes into the firsttreatment (46 min at 60 swf) she 
reported a lessening of the pain in her foot; moreover, the foot was less cyanotic and warmer to 
the touch. Subsequent treatments continued to improve her conditions and for longer periods of 
time.  
 
References:  
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operative hand sugery, vol 26 St. Louis, MO; Mosby 1977: 163-178 

10. Hyperbaric Oxygen in the Treatment of Sudeck's Syndrome, G.Lovisetti, L.Lovisetti, A.Favelli; 
Istituto di Terapia Iperbarica; Como, Italy.  
 
Summary: The decrease in tissue hypoxia obtained with Hyperbaric Oxygenation (HBO2) 
counteracts the effects of reflex vasomotor disturbances caused by an injury in post-traumatic 
Sudeck's syndrome.  
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5. Melzack R, Wall PD. Pain mechanisms: a new theory. Sience 150:971-9,1965.  
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Controlled Clinical Trials of Hyperbaric Oxygenation 

1. Carbon monoxide poisoning.  

Goulon et al (1969). Mortality compared when HBO2 given before and after 6 hours. Ann Md 
Interne (Paris). 120:335-349.  
 
Pace et al. (1950). Clearance rate of CO accelerated. Science. 111:652-4.  
 
Ducass et al. (1988). Normobaric O2 v HBO2. Faster recuperation and fewerEEG abnormalities 
after 3 weeks. Proc. 2nd Swiss Symposium. 

2. Gas Gangrene. 

Bakker (1988). Amputation rate 8% cf 50-60% without HBO2. In: Problem Wounds - role of 
Oxygen. Elsevier pp 153-172. 

3. Multiple Sclerosis. 

Fischer et al. (1983). Only study with low Kurtzke score and matched patients. New England 
Journal of Medicine. 308:181-6.  
 
Pallotta et al. (1986 ) 8 year follow-up of relapses in 11+11 Paris MS & HBO2 Symposium.  
 
Oriani et al. (1987). Proc XIIIth EUBA Meeting. 196-203. 

4. Head Injury. 

Holbach et al. (1974). Greater survival with HBO2, especially ages 1-30. Survival times 
substatially longer in others. Complete recovery in 33% of treated, 6% in the rest. Acta neurochir. 
30:247-256.  
 
Kondratenko et al. (1981). Mortality reduced by 31.1%  
 
Isakov et al. (1982). HBO2 noticible effect on rate and degree of motor and speech functions. 
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Proc. VII Intnatl. Cong. Moscow .  
 
Rockswold & Ford. (1985). With a &lsquo;Coma score&rsquo; of 4-6 two died with HBO2, seven 
without. Minn Med 68:533-538. 

5. Myasthenia Gravis. 

Li et al. (1987). Clinical improvement and reduction in IgA & IgM 89% with HBO2, 45% with 
steroids. Proc IX Intnl Cong. Sydney.  

6. Myocardial Infarction. 

Thurston et al. (1973). Mortality in high-risk patients reduced by half. Proc. IV Intnl Cong. 
Sapporro. 

7. Peptic Ulceration. 

Yefuni et al (1986) HBO2 shortened healing time by 28 days. Proc 1st Swiss Symposium. 

8. Free Skin Grafts. 

Perrins (1967). With HBO2 92% of grafts survived, 63% in Controls. Lancet ii:868-871 

9. Burns. 

Hart et al. (1974) Healing time, morbidity, and mortality significantly reduced. Surg Gynaecol 
Obstet. 139:693-6. 

10. Sudden Deafness. 

Pilgramm et al. (1985). Statistcallly better results with HBO2. Laryngol Rhinol Otol. 64:351-354.  
 
Dauman et al. (1985). Statistcallly better results with HBO2. Otolarygol. 14:49-56. 

11. Glaucoma. 

Bojic et al. (1988). Significant improvement of 31 treated patients, none in 20 controls. Proc. 
XIVth Meeting of Europ Undersea and Bio Med Soc. 

12. Radiosensitisation. 

Survival rate greater with HBO2 in head and Neck cancers. Int J Radiat Oncol Bio Phys.12:1339-
1341 Henk (1986). 

13. Leg Ulcers. 

Hammarlund C & Sundberg T. (1994). Hyperbaric oxygen reduced size of chronic leg ulcers: a 
randomised double-blind study. Plastic & Reconstructive Surgery. 829-834. 

14. Coronary Thrombosis (heart attacks). 

Thurston. (1973 & 1977). Mortality in high-risk patients reduced by half. 

 



Information About Using HBOT for Auto-immune diseases 

1. Anton'ev, A.A. and Nomnoeva, T.N. [Use of hyperbaric oxygenation in dermatology] 
Primenenie giperbaricheskoi oksigenatsii v dermatologii. Vestn.Dermatol.Venerol. (2):27-31, 
1986. 

2. Dowling, G.B., Copeman, P.W., and Ashfield, R. Raynaud's phenomenon in scleroderma 
treated with hyperbaric oxygen. Proc.R.Soc.Med. 60(12):1268-1269, 1967. Notes : 0035-9157 
English England Journal-Article 68090745 6803. 

3. Lukich, V.L., Grebenev, A.L., Matrenitskaia, N.A., and Grabskii, M.A. [Treatment problems in 
systemic scleroderma using hyperbaric oxygenation] Problemy lecheniia sistemnoi sklerodermii 
giperbaricheskoi oksigenatsiei. Klin.Med.Mosk. 62(3):26-31, 1984. 

4. Iakunin, G.A., Grebenev, A.L., Lukich, V.L., Smolianitskii, A.I., and Grabskii, M.A. [Rheological 
and coagulative blood properties in patients with systemic scleroderma undergoing hyperbaric 
oxygenation in combined treatment] Sostoianie reologicheskikh i koaguliatsionnykh svoistv krovi 
u bol'nykh sistemnoi sklerodermiei pri primenenii giperbaricheskoi oksigenatsii v kompleksnom 
lechenii. Ter.Arkh. 55(7):120-124, 1983. Notes : 0040-3660 Russian; Non-English USSR Journal-
Article 0 84018192 8401. 

5. Lukich, V.L., Kurakina, L.V., and Poliakova, L.V. [The role of hyperbaric oxygenation in the 
treatment of systemic diseases] Rol' giperbaricheskoi oksigenatsii v lechenii sistemnykh 
zabolevanii. Klin.Med.Mosk. 69(7):15-20, 1991. Notes : 0023-2149 Russian; Non-English USSR 
Journal-Article; Review; Review-Tutorial 92047220 9202. 

6. Wallace, D.J., Silverman, S., Goldstein, J., and Hughes, D. Use of hyperbaric oxygen in 
rheumatic diseases: case report and critical analysis. Lupus. 4(3):172-175, 1995. Notes : 
Department of Medicine, Cedars-SinaiMedical Centre, Los Angeles, CA, USA 0961-2033 English 
England  

Hyperbaric oxygen has been used in patients with rheumatic disease for many years without 
reports of untoward or unusual complications for a variety of non-rheumatic indications. Recent 
evidence that hyperbaric oxygen inhibits the actions of certain cytokines, acts as an immune 
modulator and may help cognitive dysfunction has resulted in a re-examination of its potential role 
in rheumatic diseases. A case report of a lupus scleroderma crossover patient is presented 
whose cognitive dysfunction improved after hyperbaric oxygen therapy. The history of hyperbaric 
oxygen and its physiology are related, along with a focused review of its effects on the immune 
and central nervous systems. 

7. Makeeva, N.P., Balakhonova, N.P., Kurakina, L.V., and Kamshilina, L.S. [Microcirculation in 
patients with systemic scleroderma during treatment using hyperbaric oxygenation] 
Mikrotsirkuliatsiia u bo'lnykh sistemnoi sklerodermiei pri lechenii metodom giperbaricheskoi 
oksigenatsii. Klin.Med.Mosk. 67(6):107-109, 1989. Notes : 0023-2149 Russian  

Hyperbaric oxygenation treatment of systemic scleroderma has a favorable effect on 
microcirculatory changes whose positive dynamics can be demonstrated by conjunctival 
biomicroscopy. These changes include accelerated blood flow and decrease in the degree of 
erythrocyte aggregation. The method can be used or the objective assessment and for prognosis 
of the effectiveness of hyperbaric oxygenation treatment in patients with systemic scleroderma. 

 
 

 



Treatment of Children's Epilepsy by Hyperbaric Oxygenation 

STUDY: 

Treatment of Children's Epilepsy by Hyperbaric Oxygenation: Analysis of 100 Cases. Hyperbaric 
Oxygen Treatment Centre, Zhou Gulan, EEG Lab, Zhujiang. Proceedings of the Eleventh 
International Congress on Hyperbaric Medicine; President: Wen-ren Li, M.D., Fuzhou, People's 
Republic of China; Secretariat: Frederick S. Cramer, M.D., San Francisco, California, U.S.A. 

Gender and age: 

The whole group included 100 patients (72 males, 28 females), ages 4 days to 14 years. 84% of 
them were between 1 month and 9 years old.  

Causes of disease: 

23 patients cause unknown (primary epilepsy), others had the following causes: cerebral lesion 
due to birth injury in 55 patients; encephalitis in 14 patients; high fever in 2 pediatric patients; 
anoxic cerebropathy in 4 children; brain tumor in 1 child; cerebrovascular malformation in 1.  

Neuropsychiatric manifestation: 

Intelligence was impaired in 68 patients: 45 children had mental symptom and personality 
change; local neurosystemic signs were detected in 47 patients. Patterns of Seizures: Grand mal 
32 - Psychomotor seizures 12 - Petit mal 10 - Focal seizures 44 - Autonomic symptoms 2. EEG 
examination: All patients in this group had an EEG test. lt was found that 92 patients had 
abnormal EEGs; 66 patients had focal sparkle or sharp wave; 10 patients had paroxysmal 
sparkle-slow wave and sharp-slow wave; 6 patients had paroxysmal cerebral dysrhythmias; 10 
patients had confusing abnormal EEGs; 3 patients had normal EEG&s; 5 other patients had 
boundary EEGs. 

CT and MRI scanning: 

Seventy-six patients were proved abnormal, including ventricular enlargement due to 
atelencephalia, focal encephalatrophy, tumours and local low density pathy, skull fracture. The 
other 24 patients were normal. Seizure frequency: 21 patients seizured every week; 18 patients 
did every month; 23 patients did every two months, the other 38 patients seizured more than 
twice a year. 

TREATMENT: 

Anticonvulsant medication: 

39 patients were treated systematically; 20 patients could be controlled by little diazepam and r-
amino butyric acid; 41 patients received no anticonvulsant because of their parents' objection, 
since they thought the children were too young; some individuals were controlled by luminal 
intramuscular injection on convulsion.  

Hyperbaric oxygenation treatment: 

The private hyperbaric oxygen chamber was manufactured by Ninpo Hyperbaric-Oxygen 
Chamber Factory. ln the chamber, the pure oxygen pressure is 1.7-2.0 atmospheres. The 
patients were treated for 80 minutes every day. A course was 15-30 days. Some patients had 
therefore been treated 35-45 times.  



Outcome: 

The treatment was found effective in 82 patients (82%), significantly effective ln 68 patients 
(68%). It showed that the seizures greatly diminished, and the EEG was improved. Forty-three 
patients had stopped anticonvulsant medication, while in other patients the amount of 
antiepileptic was decreased.  

After hyperbaric oxygenation treatment, 82 patients' intelligence, personality, and mentalities 
were improved; 51 children studied very well; 10 primary and 4 secondary epilepsy children had 
no change after being treated 30 times.  

Electroencephalogram (EEG): After hyperbaric oxygenation treatment, 45 patients had normal 
EEGs; 28 patients had focal abnormal EEGs; 3 patients had paroxysmal sharp-slow wave and 
another 20 patients' EEGs were slightly abnormal; 4 patients had boundary EEGs.  

Follow-up: Seventy-six patients had been observed for more than 3 years. Forty children had 
been completely free of anticonvulsants. Three children had 1 or 2 slight attacks every year. 
Twenty-five patients were administered a little anticonvulsants and their seizures diminished a lot. 
The attacks did not change in 11 children with systemic therapy. 

DISCUSSION: 

Mechanism of treatment of children's epilepsy with HBO2: 
Hyperbaric oxygenation could improve the cerebral circulation, provide the brain with more 
oxygen, and reduce edema. Hyperbaric oxygen could also promote the energy metabolism of 
cerebral cells and improve the recovery of epileptic foci.  

Reduction of handicapped children due to epilepsy: 
Epilepsy often impairs the children's intelligence and personality; hyperbaric oxygenation could 
not only control the attacks of epilepsy but also prevent the occurrence of intelligence impairment 
and abnormal personality, so as to diminish the ratio of handicapped children due to illness.  

The way of gaining a good effect in the treatment: 
The effect is good in the cases whose causes are known, especially those caused by brain 
damage due to birth injury. As to the period of treatment, most patients need 2-3 years. If the 
infants do not have high fever or respiratory inflammation, the treatment can begin from several 
days after birth. Fifteen to 20 days make a course, and 2 courses a year.  

 
 

    What others in the field think of this specific treatment:  

Hyperbaric oxygen therapy may improve symptoms in autistic children:  

ROSSIGNOL DA, ROSSIGNOL LW. 
Med Hypotheses 2006 Mar 20;[epub ahead of print].  
Blue Ridge Medical Center, 4038 Thomas Nelson Highway, Arrington, VA 22922, USA; University 
of Virginia, P.O. Box 800729, Charlottesville, VA, USA  

Abstract:  

Autism is a neurodevelopmental disorder that currently affects as many as 1 out of 166 children in 
the United States. Recent research has discovered that some autistic individuals have decreased 
cerebral perfusion, evidence of neuroinflammation, and increased markers of oxidative stress. 

http://www.websciences.org/cftemplate/NAPS/archives/indiv.cfm?ID=20061272


Multiple independent single photon emission computed tomography (SPECT) and positron 
emission tomography (PET) research studies have revealed hypoperfusion to several areas of 
the autistic brain, most notably the temporal regions and areas specifically related to language 
comprehension and auditory processing. Several studies show that diminished blood flow to 
these areas correlates with many of the clinical features associated with autism including 
repetitive, self-stimulatory and stereotypical behaviors, and impairments in communication, 
sensory perception, and social interaction. Hyperbaric oxygen therapy (HBOT) has been used 
with clinical success in several cerebral hypoperfusion syndromes including cerebral palsy, fetal 
alcohol syndrome, closed head injury, and stroke. HBOT can compensate for decreased blood 
flow by increasing the oxygen content of plasma and body tissues and can even normalize 
oxygen levels in ischemic tissue. In addition, animal studies have shown that HBOT has potent 
anti-inflammatory effects and reduces oxidative stress. Furthermore, recent evidence 
demonstrates that HBOT mobilizes stem cells from human bone marrow, which may aid recovery 
in neurodegenerative diseases. Based upon these findings, it is hypothesized that HBOT will 
improve symptoms in autistic individuals. A retrospective case series is presented that supports 
this hypothesis.  

 

Brain-derived neurotrophic factor and autoantibodies to neural antigens in sera of children with autistic 
spectrum disorders, landau-kleffner syndrome, and epilepsy  

CONNOLLY ANNE M.; CHEZ MICHAEL; STREIF ELIZABETH M.; KEELING RICHARD M. ; 
GOLUMBEK PAUL T.; KWON JENNIFER M.; RIVIELLO JAMES J.; ROBINSON RICKI G. ; 
NEUMAN ROSALIND J.; DEUEL RUTH MARY K. 
Biological psychiatry (Biol. psychiatry) 2006, vol. 59, no4, pp. 354-363  

Affiliations of the Authors 
(1) Department of Neurology and Pediatrics, Washington University School of Medicine, St. 
Louis, Missouri, USA 
(2) Department of Neurology, Rosalind Franklin University, Chicago Medical School, Chicago, 
Illinois, USA 
(3) Harvard Medical School, Boston, Massachusetts, USA 
(4) University of Rochester, Rochester, New York, USA 
(5) Keck School of Medicine at USC, Los Angeles, California, USA 
(6) Department of Psychiatry and Genetics, Washington University School of Medicine, St. Louis, 
Missouri, USA 
(7) Saint Louis University, St. Louis, Missouri, USA  

Abstract:  

Background: Brain derived neurotrophic factor (BDNF) elevation in newborn sera predicts 
intellectual/social developmental abnormalities. Other autoantibodies (AAs) to endothelial cells 
(ECs) and myelin basic protein (MBP) are also elevated in some children. We tested relationships 
between BDNF, BDNF AAs, and other AAs in children with these disorders.  

Methods: BDNF levels and IgG/IgM autoantibodies to BDNF, ECs, MBP, and histories were 
measured in children with autism. childhood disintegrative disorder (CDD), pervasive 
developmental delay-not otherwise specified (PDD-NOS), acquired epilepsy, Landau-Kleffner 
syndrome (LKS); healthy children (HC), and children with non-neurological illnesses (NNI).  

Results: Mean BDNF levels were elevated in children with autism and CDD, (p < 0.0002) 
compared to HC or NNI. Mean IgG and IgM BDNF AAs were elevated in children with autism, 
CDD and epilepsy (p ≤ 0.0005) compared to HC but not to NNI. Mean IgM AA EC titers detected 
by immunocytochemistry were higher in autism, PDD-NOS, epilepsy, and LKS (p ≤ 0.005) 
compared to HC and NNI. While mean ELISA IgG EC AAs were higher in autism and PPD-NOS 

http://cat.inist.fr/?aModele=afficheN&cpsidt=17568803
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(p < 0.005) compared to HC but not NNI, ELISA IgM EC AAs were higher in children with autism, 
CDD, PDD-NOS, and epilepsy compared to both HC and NNI (p < 0.0005). mean anti-MBP IgG 
and IgM titers were higher in all study groups (p < 0.005) except for LKS compared to both HC 
and NNI.  

Conclusion: Children with developmental disorders and epilepsy have higher AAs to several 
neural antigens compared to controls. the presence of both BDNF AAs and elevated BDNF levels 
in some children with autism and CDD suggests a previously unrecognized interaction between 
the immune system and BDNF.  

 



Hyperbaric Oxygen Therapy for Brain Injury, 
Cerebral Palsy, and Stroke  
Summary 

Evidence Report/Technology Assessment: Number 85 

Under its Evidence-based Practice Program, the Agency for Healthcare Research and Quality (AHRQ) is 
developing scientific information for other agencies and organizations on which to base clinical guidelines, 
performance measures, and other quality improvement tools. Contractor institutions review all relevant scientific 
literature on assigned clinical care topics and produce evidence reports and technology assessments, conduct 
research on methodologies and the effectiveness of their implementation, and participate in technical assistance 
activities. 

 
 

Overview 
Hyperbaric oxygen therapy (HBOT) is the inhalation of 100 percent oxygen inside a hyperbaric chamber that is 
pressurized to greater than 1 atmosphere (atm). HBOT causes both mechanical and physiologic effects by 
inducing a state of increased pressure and hyperoxia. HBOT is typically administered at 1 to 3 atm. While the 
duration of an HBOT session is typically 90 to 120 minutes, the duration, frequency, and cumulative number of 
sessions have not been standardized. 

HBOT is administered in two primary ways, using a monoplace chamber or a multiplace chamber. The monoplace 
chamber is the less-costly option for initial setup and operation but provides less opportunity for patient interaction 
while in the chamber. Multiplace chambers allow medical personnel to work in the chamber and care for acute 
patients to some extent. The entire multiplace chamber is pressurized, so medical personnel may require a 
controlled decompression, depending on how long they were exposed to the hyperbaric air environment. 

The purpose of this report is to provide a guide to the strengths and limitations of the evidence about the use of 
HBOT to treat patients who have brain injury, cerebral palsy, and stroke. Brain injury can be caused by an 
external physical force (also known as traumatic brain injury, or TBI); rapid acceleration or deceleration of the 
head; bleeding within or around the brain; lack of sufficient oxygen to the brain; or toxic substances passing 
through the blood-brain barrier. Brain injury results in temporary or permanent impairment of cognitive, emotional, 
and/or physical functioning. Cerebral palsy refers to a motor deficit that usually manifests itself by 2 years of age 
and is secondary to an abnormality of at least the part of the brain that relates to motor function. Stroke refers to a 
sudden interruption of the blood supply to the brain, usually caused by a blocked artery or a ruptured blood 
vessel, leading to an interruption of homeostasis of cells, and symptoms such as loss of speech and loss of motor 
function. 

While these conditions have different etiologies, prognostic factors, and outcomes, they also have important 
similarities. Each condition represents a broad spectrum, from barely perceptible or mild disabilities to devastating 
ones. All three are characterized by acute and chronic phases and by changes over time in the type and degree 
of disability. Another similarity is that the outcome of conventional treatment is often unsatisfactory. For brain 
injury in particular, there is a strong sense that conventional treatment has made little impact on outcomes. 

Predicting the outcome of brain injury, cerebral palsy, and stroke is difficult. Prognostic instruments, such as the 
Glasgow Coma Scale (GCS) for brain injury, are not precise enough to reliably predict an individual patient's 
mortality and long-term functional status. Various prognostic criteria for the cerebral palsy patient's function have 
been developed over the years. For example, if a patient is not sitting independently when placed by age 2, then 
one can predict with approximately 95 percent confidence that he/she never will be able to walk. However, it is not 
possible to predict precisely when an individual patient is likely to acquire a particular ability, such as smiling, 
recognizing other individuals, or saying or understanding a new word. 

Mortality and morbidity from a stroke are related to older age, history of myocardial infarction, cardiac 
arrhythmias, diabetes mellitus, and the number of stroke deficits. Functional recovery is dependent on numerous 
variables, including age, neurologic deficit, comorbidities, psychosocial factors, educational level, vocational 

http://www.ahrq.gov/clinic/epc


status, and characteristics of the stroke survivor's environment. 

The report focuses on the quality and consistency of studies reporting clinical outcomes of the use of HBOT in 
humans who have brain injury, cerebral palsy, or stroke. This information can be used to help providers counsel 
patients who use this therapy and to identify future research needs. 

Reporting the Evidence 
This review addresses the following questions: 

1. Does HBOT improve mortality and morbidity in patients who have traumatic brain injury or nontraumatic 
brain injury, such as anoxic ischemic encephalopathy?  

2. Does HBOT improve functional outcomes in patients who have cerebral palsy? (Examples of improved 
functional outcomes are decreased spasticity, improved speech, increased alertness, increased 
cognitive abilities, and improved visual functioning.)  

3. Does HBOT improve mortality and morbidity in patients who have suffered a stroke?  
4. What are the adverse effects of using HBOT in these conditions?  

To identify the patient groups, interventions, and outcomes that should be included in the review, we read 
background material from diverse sources including textbooks, government reports, proceedings of scientific 
meetings, and Web sites. We also conducted focus groups and interviews to improve our understanding of the 
clinical logic underlying the rationale for the use of HBOT. In the focus groups, we identified outcomes of 
treatment with HBOT that are important to patients, caregivers, and clinicians and examined whether patients, 
caregivers, and clinicians who have experience with HBOT value certain outcomes differently from those who 
have not used HBOT. A broader goal of the focus groups was to better understand the disagreement between 
supporters and non-supporters of HBOT. 

The following interventions, populations, outcomes, and study design criteria were used to formulate the literature 
search strategy and to assess eligibility of studies. 

• Intervention. Hyperbaric oxygen therapy: any treatment using 100 percent oxygen supplied to a patient 
inside a hyperbaric chamber that is pressurized to greater than 1 atm.  

• Population. Patients with:  
o Brain injury from any cause and in any stage (acute, subacute, or chronic).  
o Cerebral palsy of any etiology.  
o Thrombotic stroke.  

• Outcomes. We sought articles reporting any clinical endpoint. We focused on health outcomes, 
including mortality and functional changes that a patient would experience, rather than intermediate 
outcomes. Intermediate outcomes include physiologic measures, such as intracranial pressure, 
cerebrospinal fluid lactate levels, or changes in cerebral blood flow, or results of imaging studies. Some 
clinical measures, such as neuropsychiatric and cognitive tests, are also intermediate measures. We did 
not assume that any of these intermediate measures of the effect of HBOT on patients with brain injury, 
cerebral palsy, or stroke was proven to be an indicator of the long-term outcome. Instead, in reviewing 
articles for inclusion in this report, we were particularly interested in studies that reported both 
intermediate measures and health outcomes, to assess the strength of evidence about their correlation. 

• Design. We included original studies of human subjects that reported original data (no reviews). All 
study designs except for case reports and small case series were eligible for inclusion. Before-after or 
time-series studies with no independent control group were included if a) five or more cases were 
reported, and b) outcome measures were reported for both the pre- and post-HBOT period.  

http://www.ahrq.gov/clinic/epcsums/hypoxsum.htm ‐ Contents 

Methodology 

Technical Expert Advisory Group (TEAG) 

We identified technical experts to assist us in formulating the research questions and identifying relevant 
databases for the literature search. The expert panelists included a neurologist specializing in stroke, a 
neurosurgeon specializing in severe brain injury, a pediatric neurologist with expertise in treating patients with 
cerebral palsy, and a physician with an HBOT practice. Throughout the project period, we consulted individual 
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members of the TEAG on issues that arose in the course of identifying and reviewing the literature. 

Literature Search, Study Selection, and Data Extraction 

We searched a broad range of databases to identify published and unpublished studies of the effectiveness and 
harms of HBOT in patients with brain injury, cerebral palsy, and stroke. Each database was searched from its 
starting date to March 2001. The databases searched were: 

• MEDLINE®.  
• PreMEDLINE®.  
• EMBASE.  
• HealthSTAR (Health Service Technology, Administration and Research).  
• CINAHL® (Cumulative Index to Nursing & Allied Health).  
• Cochrane Database of Systematic Reviews.  
• Cochrane Controlled Trials Register.  
• DARE (Database of Abstracts of Reviews of Effectiveness).  
• AltHealthWatch.  
• MANTIS™ (Manual, Alternative and Natural Therapy).  
• Health Technology Assessment Database.  

TEAG members identified the following additional databases as potential sources of other material that may not 
be indexed in other electronic databases: 

• The Undersea & Hyperbaric Medical Society: a large bibliographic database.  
• The Database of Randomized Controlled Trials In Hyperbaric Medicine.  
• European Underwater and Baromedical Society.  
• International Congress on Hyperbaric Medicine.  
• National Baromedical Services, Inc.  

Update literature searching of the electronic databases MEDLINE®, PreMEDLINE®, EMBASE, CINAHL®, the 
Cochrane Library, and the Health Technology Assessment Database was completed on February 26, 2002, using 
the same search strategy as used for the initial searches. Eight additional references submitted by a peer 
reviewer were added in May 2003. Finally, a supplemental search of MEDLINE®, PreMEDLINE®, EMBASE, and 
CINAHL® was conducted in July 2003. 

The references of all included papers were hand searched. In addition, two reviewers independently conducted 
hand searches of the references from the Textbook of Hyperbaric Medicine.1 One TEAG member provided 
articles and meeting abstracts from his personal library. 

Two reviewers independently assessed each title and abstract located through the literature searches for 
relevance to the review, based on the intervention, population, outcome, and study design criteria. The full-text 
articles, reports, or meeting abstracts that met the criteria listed above were retrieved and reviewed independently 
by two reviewers who reapplied the eligibility criteria. Disagreements were resolved through consensus. 

Extraction of data from studies was performed by one reviewer and checked by a second reviewer. 
Disagreements were resolved through consensus. 

Internal and External Validity and Quality Rating 

The quality of all trials in the review was assessed using a list of items indicating components of internal validity. 
We modified the standard checklists to address issues of particular importance in studies of HBOT. For 
randomized controlled trials (RCTs) and nonrandomized controlled trials (NRCTs), the items assessed for internal 
validity were: randomization/allocation concealment, baseline comparability of groups, timing of baseline 
measures, intervention, outcome measures, timing of followup measurements (long enough to assess effects), 
loss to followup, handling of dropouts or missing data, masking, statistical analysis (if any), and general reviewer 
comments. 

For the observational studies, items assessed for internal validity were exposure measurement (whether all 
subjects were given the same HBOT treatment), other interventions, differences in baseline factors among the 
groups of subjects compared (if a comparison group was included), discussion of or control for potential 
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confounding, masking, evidence of stable baseline, timing of baseline survey, timing of followup measures, 
outcome measures used, and general comments of the reviewer. 

Each study was then assigned an overall rating (good, fair or poor) according to the US Preventive Services Task 
Force method: 

• Good: Comparable groups assembled initially (adequate randomization and concealment, and potential 
confounders distributed equally among groups) and maintained throughout the study; followup at least 
80 percent; reliable and valid measurement instruments applied equally to the groups; outcome 
assessment masked; interventions defined clearly; all important outcomes considered; appropriate 
attention to confounders in analysis; for RCTs, intention-to-treat analysis.  

• Fair: Generally comparable groups assembled initially (inadequate or unstated randomization and 
concealment methods) but some question remains whether some (although not major) differences 
occurred with followup; measurement instruments acceptable (although not the best) and generally 
applied equally; outcome assessment masked; some, but not all, important outcomes considered; 
appropriate attention to some, but not all, potential confounders; for RCTs, intention-to-treat analysis.  

• Poor: Groups assembled initially not close to being comparable or not maintained throughout the study; 
measurement instruments unreliable or invalid or not applied equally among groups; outcome 
assessment not masked; key confounders given little or no attention; for RCTs, no intention-to-treat 
analysis.  

For each study, the reviewer's assessment of external validity is given, including an assessment of the evidence 
that the study population reflects the underlying patient population (age-range, co-morbidities, co-interventions, 
etc.). External validity indicates the applicability of the results of the study to clinical practice. For example, if the 
study recruited a narrowly defined group of patients, the results may not be generalizable to a broader spectrum 
of patients. A study can have high internal validity but low external validity. There are no well-defined criteria for 
assessing external validity, and clinicians must assess the applicability of the results to the patient population for 
which the intervention is intended. 

1 Jain K, editor. Textbook of hyperbaric medicine. 3rd rev. ed. Kirkland, WA: Hogrefe & Huber Publishers, Inc; 1999. 
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Findings 

Brain Injury 

• For traumatic brain injury, one randomized trial provided fair evidence that HBOT might reduce mortality 
or the duration of coma in severely injured TBI (traumatic brain injuries) patients. However, in this trial, 
HBOT also increased the chance of a poor functional outcome. A second fair quality randomized trial 
found no difference in mortality or morbidity overall, but a significant reduction in mortality in one 
subgroup. Therefore, they provide insufficient evidence to determine whether the benefits of HBOT 
outweigh the potential harms.  

• The quality of the controlled trials was fair, meaning that deficiencies in the design add to uncertainty 
about the validity of results.  

• Due to flaws in design or small size, the observational studies of HBOT in TBI do not establish a clear, 
consistent relationship between physiologic changes after HBOT sessions and measures of clinical 
improvement.  

• The evidence for use of HBOT in other types of brain injury is inconclusive. No good- or fair-quality 
studies were found.  

Cerebral Palsy 

• There is insufficient evidence to determine whether the use of HBOT improves functional outcomes in 
children with cerebral palsy. The results of the only truly randomized trial were difficult to interpret 
because of the use of pressurized room air in the control group. As both groups improved, the benefit of 
pressurized air and of HBOT at 1.3 to 1.5 atm should both be examined in future studies.  

• The only other controlled study compared HBOT treatments with 1.5 atm to delaying treatment for 6 
months. As in the placebo-controlled study, significant improvements were seen, but there was not a 
significant difference between groups.  

• Two fair-quality uncontrolled studies (one time-series, one before-after) found improvements in functional 
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status comparable to the degree of improvement seen in both groups in the controlled trial.  
• Although none of the studies adequately measured caregiver burden, study participants often noted 

meaningful reductions in caregiver burden as an outcome of treatment.  

Stroke 

• Although a large number of studies address HBOT for the treatment of stroke, the evidence is insufficient 
to determine whether HBOT reduces mortality in any subgroup of stroke patients because no controlled 
trial assessed was designed to assess mortality.  

• Among controlled trials, the evidence about morbidity is conflicting. The three best-quality trials found no 
difference in neurological measures in patients treated with HBOT versus patients treated with 
pressurized room air.  

• Two other controlled trials, one randomized and one nonrandomized, found that HBOT improved 
neurological outcomes on some measures. However, both were rated poor-quality.  

• Most observational studies reported favorable, and sometimes dramatic, results, but failed to prove that 
these results can be attributed to HBOT. For example, one retrospective study found better mortality 
rates in patients who received HBOT than a comparison group of patients from a different hospital who 
did not. The study did not provide information on mortality rates from other causes in each hospital; this 
information would have made it easier to judge whether the improved survival was due to HBOT or to 
differences in overall quality of care at the HBOT hospital.  

• The observational studies of HBOT provided insufficient evidence to establish a clear relationship 
between physiologic changes after HBOT sessions and measures of clinical improvement. Few studies 
established that patients were stable at baseline.  

Adverse Events 

• Evidence about the type, frequency, and severity of adverse events in actual practice is inadequate. 
Reporting of adverse effects was limited, and no study was designed specifically to assess adverse 
effects.  

• The few data that are available from controlled trials and cohort studies of TBI suggest that the risk of 
seizure may be higher in patients with brain injuries treated with HBOT.  

• No study of HBOT for brain injury, cerebral palsy, or stroke has been designed to identify the chronic 
neurologic complications.  

• Pulmonary complications were relatively common in the trials of brain-injured patients. There are no 
reliable data on the incidence of aspiration in children treated for cerebral palsy with hyperbaric oxygen. 

• Ear problems are a known potential adverse effect of HBOT. While ear problems were reported in brain 
injury, cerebral palsy, and stroke studies the incidence, severity and effect on outcome are not clear. 
However, the rates reported among cerebral palsy patients were higher (up to 47 percent experiencing a 
problem) than reported with brain injury or stroke. However, the data in brain injury are limited by the use 
of prophylactic myringotomies.  

Supplemental Qualitative Analysis 

• Opinions about the frequency and severity of risks of HBOT vary widely.  
• Several participants emphasized the importance of continued treatments to maximize results.  
• Patients and caregivers value any degree of benefit from HBOT highly. An improvement that may appear 

small on a standard measure of motor, language, or cognitive function can have a very large impact on 
caregiver burden and quality of life.  
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Future Research 

Outcome Studies 

We identified several barriers to conducting controlled clinical trials of HBOT for brain injury, particularly cerebral 
palsy: 

• Lack of agreement on the dosage and the duration of treatment.  
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• Need for better measures of relevant outcome measures, such as caregiver burden.  
• Lack of independent, reliable data on the frequency and severity of adverse events.  
• Patients' unwillingness to be assigned to a placebo or sham treatment group.  

As described below, strategies can be developed to conduct good-quality studies to overcome each of these 
barriers. 

Dose and duration of treatment. Oxygen, the "active ingredient" in HBOT, is fundamentally a drug. As for any 
drug, dose and duration of treatment must be determined in carefully designed dose-ranging studies before 
definitive studies demonstrating clinical efficacy can be started. Good-quality dose-ranging studies of HBOT for 
brain injury can be done, based on the model used by pharmaceutical manufacturers and the FDA. It is likely that 
the dosage of HBOT needs to be individualized based on the patient's age, clinical condition, and other factors. 
This is the case for many other drugs and does not pose an insurmountable barrier to designing dose-finding 
trials. In fact, the need to individualize therapy makes it essential to base the design of long-term studies of 
clinical outcomes on the results of dose-ranging studies. 

Better outcome measures. In describing the course of their patients, experienced clinicians who use HBOT to 
treat patients with brain injury, cerebral palsy, and stroke refer to improvements that may be ignored in 
standardized measures of motor and neuro-cognitive dysfunction. These measures do not seem to capture the 
impact of the changes that clinicians and parents perceive. Caregivers' perceptions should be given more weight 
in evaluating the significance of objective improvements in a patient's function. Unfortunately, studies have not 
consistently measured caregiver burden, or have assessed it only by self-report. Studies in which the caregivers' 
burden was directly observed would provide much stronger evidence than is currently available about treatment 
outcome. 

Adverse events. Uncertainty about the frequency and severity of serious adverse events underlies much of the 
controversy about HBOT. The case against HBOT is based on the reasoning that, because HBOT may be 
harmful, it must be held to the highest standard of proof. A corollary is that, if HBOT can be shown to be as safe 
as its supporters believe it to be, the standard of proof of its efficacy can be lowered. 

Good-quality studies of adverse effects are designed to assess harms that may not be known or even suspected. 
The most common strategy is to use a standard template of several dozen potential adverse effects affecting 
each organ system. Other characteristics of a good study of adverse events are a clear description of patient 
selection factors, independent assessment of events by a neutral observer, and the use of measures for the 
severity (rather than just the occurrence) of each event. 

Unwillingness to be in a placebo group. The issue of placebo groups has been the subject of a great deal of 
debate. Participants on both sides make the assumption that an "evidence-based" approach implies devotion to 
double blind, placebo-controlled trials without regard to practical or ethical considerations. This assumption is 
false. Double blind, placebo-controlled trials are the "gold standard" for government regulators overseeing the 
approval of new pharmaceuticals, but not for clinical decision making or for insurance coverage decisions. 
Evidence-based clinical decisions rely more heavily on comparisons of a treatment to other potentially effective 
therapies than to placebos. 

Several alternatives to the double blind, placebo-controlled trial can be used to examine effectiveness. One 
approach is to compare immediate to delayed treatment with HBOT, as was done in the Cornell trial. Another is to 
design a trial in which patients are randomly assigned to several alternative HBOT regimens. Because of 
uncertainty about the dosage and duration of treatment, such a trial would be preferable to a trial that offered a 
choice between one particular regimen and no treatment at all. It is also easier to incorporate a sham therapy arm 
in such a trial: patients may be more willing to enter a trial if they have a 10 percent or 20 percent chance of being 
assigned to sham treatment instead of a 50 percent chance. Other alternatives to a placebo include conventional 
physical, occupational, and recreational therapy, or another alternative therapy, such as patterning. 

The Canadian trial of HBOT for cerebral palsy has important implications for the design of future research. In the 
trial there was a clinically significant benefit in the control group. Debate about the trial centers largely on how the 
response in the control group should be interpreted. The trial investigators believe that the beneficial effect was 
the result of the psychological effect of participating in the trial and extra attention paid the children in and out of 
the hyperbaric chamber. Alternatively, the slightly pressurized air (that is, "mild" hyperbaric oxygen) may have 
caused the improvement. A third possibility is that the slightly increased oxygen concentration, not the pressure 
per se, was responsible for the benefit. 

A trial that could sort out which of these explanations was true would have a major impact on clinical practice. 
Such a trial might compare (1) room air under slightly elevated pressure, delivered in a hyperbaric chamber, to (2) 
elevated oxygen concentration alone, delivered in a hyperbaric chamber, and to (3) an equal amount of time in a 



hyperbaric chamber, with room air at atmospheric pressure. From the perspective of a neutral observer, the third 
group is not a "sham" but rather an attempt to isolate the effect of the social and psychological intervention cited 
by the Canadian investigators. 

In addition to needing improved design, future trials of HBOT need better reporting. This would aid interpretation 
and the application of the research results. Two types of information are essential: a clear description of the 
research design, particularly of the control and comparison groups, and a detailed description of the patient 
sample. It is frequently difficult to tell from published studies how comparable the patient populations are, not only 
demographically but also clinically, in order to interpret the diagnosis and prognosis. 
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Studies of Diagnosis and Nonclinical Endpoints 
An independent, critical assessment of the body of animal experiments and human case studies supporting the 
"idling neuron" theory of brain injury and recovery should have been done. A large body of studies supports the 
theory underlying the use of HBOT, but the interpretation of these studies is also disputed. Most of these studies 
use experimental animal models of brain injury and are designed to provide support for the hypothesis that HBOT 
redirects blood flow to, and promotes recovery and growth of, "idling neurons" at the border of the damaged brain 
tissue. 

There is sharp disagreement in the medical literature over the validity of these experimental models. One major 
issue is the significance of improvements in patterns of cerebral blood flow. The principle that redirecting flow 
toward ischemic areas can help damaged tissue recover is well established in cardiology. However, in critical care 
generally, drugs and maneuvers that redirect flow to ischemic organs (e.g., brain and kidney) do not always 
improve recovery at the cellular level. For this reason, improved blood flow must be linked to other measures of 
cellular and organ recovery. 

HBOT for brain injury is not likely to gain acceptance in routine clinical use until a clinical method of assessing its 
effectiveness in the individual patient is validated. Specifically, the diagnostic value of SPECT scans and of other 
intermediate indicators of the effects of HBOT should be examined in good-quality studies. Like all other 
diagnostic tests, SPECT scans have a measurable false positive and false negative rate in relation to clinical 
outcomes. Controlled trials are not needed as the ideal study design to measure the accuracy of a diagnostic test. 
Rather, a longitudinal cohort study in which all patients undergo scans as well as standardized followup tests 
would be a feasible and ideal approach. 
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Hyperbaric oxygen therapy for carbon monoxide 
poisoning 
Treatment Overview 

Lila Havens; Sabra L. Katz-Wise  
Content provided by Healthwise  

The purpose of oxygen therapy for the treatment of carbon monoxide poisoning is to reduce the amount of 
carbon monoxide in the blood and restore the oxygen level to normal as quickly as possible.  

For hyperbaric oxygen therapy, the affected person lies down on a stretcher that slides into an acrylic tube 
about 7 ft long and 25 in. across. The pressure inside the tube is raised, and 100% oxygen is delivered 
under high pressure. Each treatment session lasts about 90 minutes. After treatment, the chamber is 
depressurized slowly while the person rests inside. 

What To Expect After Treatment 

A person usually recovers from carbon monoxide poisoning within a few days. However, it is important to 
remember that long-term effects may occur days or weeks after carbon monoxide poisoning. 

Why It Is Done 

Hyperbaric oxygen therapy can be used to reduce carbon monoxide levels in the blood quickly and the 
symptoms that go with it. The use of hyperbaric oxygen therapy is evaluated on a case-by-case basis. 
Factors considered include: 

• The amount of carbon monoxide in the blood.  
• The severity of symptoms, such as whether a person has lost consciousness or appears confused.  
• A person's age, the presence of heart or brain disease, and overall health. Infants, small children, 

older adults, or people with health problems are more easily affected by high amounts of carbon 
monoxide in the blood, and their symptoms are more severe.  

• Pregnancy and whether a pregnant woman has had a significant exposure to carbon monoxide. 

Treatments will likely be repeated, depending on the outcome of the first treatment. To date, studies have 
shown benefits only from multiple treatments.1  

How Well It Works 

A recent study has concluded that three hyperbaric oxygen treatments within a 24-hour period may reduce 
the risk of cognitive problems, such as lasting damage to memory, attention, and concentration.2  

In pregnant women who have been exposed to carbon monoxide, hyperbaric oxygen therapy reduces the 
time necessary to lower carbon monoxide levels in fetal blood, which increases the chances for a healthy 
baby. The fetus has a higher risk for carbon monoxide poisoning because it takes longer for carbon 
monoxide to be eliminated from fetal blood than from the mother's blood.3  

http://www.revolutionhealth.com/articles?id=stc123632


Risks 

Risks of hyperbaric oxygen therapy may include ear pain, rupture of the eardrum, sinus discomfort, a bloody 
nose, and in very rare cases, seizure or problems from too much oxygen. 

What To Think About 

Hyperbaric oxygen therapy chambers are located only at specialty medical centers or major hospitals. 

Hyperbaric oxygen chambers also are used to treat people who have decompression sickness from scuba 
diving. 
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Hyperbaric oxygen therapy for wound healing 

Keywords: hyperbaric oxygen; wound healing; oxygen effects; infection.  

Key Points 

1. Oxygen used under pressure or hyperbaric oxygen (HBO2) can assist wound healing.  
2. HBO2 is considered unnecessary in simple, well-perfused wounds, but can be used 

successfully in hypoxic or ischaemic wounds such as diabetic wounds, venous stasis 
ulcers, failing grafts and flaps, necrotising soft tissue infections and refractory 
osteomyelitis.  

3. In wound healing, hypoxia is an insufficient supply of oxygen which prevents normal 
healing processes. HBO2 provides the oxygen needed to stimulate and support wound 
healing.  

4. HBO2 is able to combat clinical infection such as gas gangrene by acting directly on 
anaerobic bacteria, enhancing leukocyte and macrophage activity and potentiating the 
effects of antibiotics.  

5. HBO2 is a relatively safe non-invasive therapy. Side effects include middle ear and 
pulmonary barotraumas and myopia. Contraindications include poor cardiac output 
and severe obstructive pulmonary disease.  

Abstract 

Oxygen is one of the most versatile and powerful agents available to the modern medical 
practitioner. The therapeutic use of oxygen under pressure is known as hyperbaric oxygen 
therapy (HBO2) and has been used to assist wound healing for almost 40 years. HBO2 has 
several specific biological actions which can enhance wound healing processes. Hyper-
oxygenation of tissue, vasoconstriction, down regulation of inflammatory cytokines, up-
regulation of growth factors, antibacterial effects, potentiation of antibiotics, and leukocyte 
effects of HBO2 are discussed in relation to wound healing problems. This article looks at how 
a greater understanding of the biological and physiological effects of using oxygen under 
pressure can benefit patients with problem wounds.  

 

Introduction 

HBO2 was first used to recompress divers by Behnke in the 1930s [1], and was developed to 
complement the effects of radiation in cancer treatment by Churchill-Davidson in the 1950s 
[2]. Within a few years HBO2 was being used to support patients undergoing cardiac surgery 
[3], and to treat clostridial gas gangrene [4] and carbon monoxide poisoning [5]. HBO2 was 
first used to assist wound healing when it was noted in 1965 that burns of the victims of a 
coal mine explosion, treated with HBO2 for their CO poisoning, healed faster [6]. In spite of 
this long history of therapeutic use, the mechanisms of action of HBO2 are still being 
discovered. As we learn more about how oxygen interacts with living organisms, new 
treatments and parameters of use are suggested. Today, the medical use of oxygen under 
pressure, or hyperbaric oxygen, is an evolving specialty.  

Effects of hypoxia 

Hypoxia can be defined as an insufficient supply of oxygen to support biological processes. It 
is possible to have hypoxia in one area of a wound and not in an adjacent area. Similarly 
hypoxia can be time-dependent with sufficient oxygen to support basal tissue maintenance at 
one time, but not enough to allow for growth or healing at another. Thus it is difficult to place 
an absolute number for PO2, which can be used to define hypoxia in all situations. Hypoxia in 
anaesthesia is defined as an oxygen saturation less than 90% or a PaO2 of < 60 mmHg [7]. 
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This is clearly a higher level than the tissue oxygen pressure of 40 mmHg needed to reliably 
heal a leg wound [8][9]. In wound healing, hypoxia can be defined as an insufficient supply of 
oxygen to allow the healing process to proceed at a normal rate.  

Not all effects of hypoxia are bad. In fact all wounds initially have areas of hypoxic tissue. 
Local hypoxia in the micro-environment of the wound causes several wound healing processes 
to occur such as leukocyte adherence, neovascularisation, collagen formation and bone 
formation. When hypoxia is severe, prolonged or widespread deleterious tissue effects can 
occur.  

Ischaemia-reperfusion injury: When hypoxia extends beyond the local wound environment the 
effects of ischaemia-reperfusion injury can be seen. Reactive oxygen species are produced, 
including oxygen free radicals. Initially, these usually cause vasoconstriction followed by 
vasodilation, although the effects are dependent on vascular epithelial receptors in the tissue 
involved. Endothelial cell damage and release of prostaglandins, inflammatory cytokines (TNF-
alpha and IL-6) and nitric oxide (NO) from the vascular endothelium occurs. Subsequent 
membrane peroxidation further increases the cellular damage.  

As capillaries become leaky and interstitial oedema accumulates, circulation is further 
compromised with compounded injury. The surgical or medical re-establishment of 
interrupted circulation sends blood to the ischaemic area, providing new oxygen substrate for 
the formation of more free radicals, with the result that the injury temporarily worsens. In 
massive injury the release of inflammatory cytokines (and possibly free radicals) escapes the 
normal regulatory mechanisms and can lead to multiple organ failure. Hence a long and 
catastrophic chain of events can be initiated by oxygen deprivation.  

Oxygen under pressure 

HBO2 can provide pharmacological doses of oxygen to healing tissue. A typical wound care 
treatment dive consists of providing 90 minutes of 100% oxygen at 45 feet of sea water (fsw) 
- 13.7 m of sea water (msw) or 1.38 Bar. This is the equivalent of 2.36 (ATA) atmospheres of 
100% oxygen. In recompression therapy for diving-related injuries a patient might be 
exposed to a minimum of four hours oxygen at depths varying from 60 fsw (18.3 meters, 2.8 
atmospheres, 284 kilopascals) to the surface.  

Hyperbaric chambers are either multiplace or monoplace. A multiplace chamber is able to 
treat several patients at one time with a medical attendant in the chamber Figure 1. The 
patients breathe oxygen through a mask or hood Figure 2. In a monoplace chamber one 
patient is treated in a small hyperbaric chamber filled with 100% oxygen Figure 3.  

 

 
Figure 1 - Multiplace hyperbaric chamber at Davis Hyperbaric Laboratory, Brooks AFB, TX  
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Figure 2 - Patient breathing oxygen in multiplace chamber through a hood  

 
 

 
Figure 3 - Sechrist Monoplace Chamber  

 

In a typical wound care treatment dive hyperbaric oxygen is capable of providing tissue 
oxygen levels of greater than 11 times normal, or up to 620 mmHg. Most chronic wounds are 
hypoxic and HBO2 provides the oxygen needed to stimulate and support wound healing. Some 
examples of typical levels of oxygenation provided in a hyperbaric oxygen treatment are 
illustrated in Table 1  

 PO2 values 

ATAs 1.0 Air 1.0 O2 2.4 O2 

air 159 760 1824 

alveolar 104 673 1737 

arterial 100 660 1700 

venous 36 60 1650 

muscle 29 59 250 

subcutaneous 40 200-300 250-500 

chronic wound 15 200-400 660 

chest tcp02 67 450 1312 

foot tcp02 63 280 919 

Table 1: Tissue PO2 values (tcpO2 = transcutaneous oxygen pressure). Adapted from Sheffield PJ. Measuring tissue 
oxygen tension: a review. Undersea Hyperb Ned 1998; 25: 179-88. 

When used in wound healing HBO2 provides a short pulse of oxygen - 90 minutes in a 24-hour 
day. Although, such a short time provision of elevated oxygen could not significantly effect 
wound healing, HBO2 acts in numerous ways that affect the wound after the treatment has 
stopped. There are eight principal methods in which HBO2 is capable of affecting tissue:  

1. Pressure effects of oxygen  
2. Vasoconstrictive effects of oxygen  
3. 100% oxygen concentration effects on the diffusion gradient  
4. Hyperoxygenation of ischaemic tissue  
5. Down regulation of inflammatory cytokines  
6. Up-regulation of growth factors  
7. Leukocyte effects  
8. Antibacterial effects. 

Pressure effects of oxygen: The effect of elevating the ambient partial pressure of the inspired 
gas, usually to 2.38 ATAs, is unimportant in wound healing, but quite significant when dealing 

http://www.worldwidewounds.com/2001/april/Wright/images/figure2.jp�
http://www.worldwidewounds.com/2001/april/Wright/images/figure3.jp�
http://www.worldwidewounds.com/2001/april/Wright/HyperbaricOxygen.html#table1


with the gas bubble diseases, decompression sickness and air gas embolism. At elevated 
pressures the harmful effects of gas bubbles in the tissue are minimised. Our research and 
that of others on wounds exposed to elevated pressures has demonstrated no evidence of an 
isolated pressure effect [10].  

Vasoconstrictive effects of oxygen: The vasoconstrictive effects of HBO2 can be used to good 
effect to treat patients. HBO2 causes a significant reduction of oedema, which has been shown 
to be beneficial in reperfusion injury, crush injury, compartment syndrome, burns, wound 
healing, and failing flaps [11][12][13][14].  

Oxygen diffusion effects: The diffusion of nitrogen out of the tissues in decompression 
sickness is facilitated by the use of 100% oxygen. In wound healing the beneficial effects of 
oxygen are primarily related to the concentration of oxygen molecules in the tissue, rather 
than by diffusion kinetics. However, the rate of oxygen entry into the wound environment is 
affected by the rate of diffusion from the capillaries. Oedema adversely affects the 
achievement of high oxygen concentrations in the wound and increases the intercapillary 
diffusion distance. Even a small increase in tissue oedema can dramatically slow the rate of 
entry of oxygen into the tissues and can cause tissue hypoxia.  

Hyperoxygenation of tissue: The oxygenation of hypoxic tissue is one of the key mechanisms 
by which HBO2 accelerates wound healing. Numerous studies have shown a dose response 
curve for the provision of oxygen in the wound healing environment 
[10][14][15][16][17][18][19]. However, oxygen is a powerful drug and just like other drugs, 
it is possible to give too little or too much. Chronic wounds are frequently hypoxic and the 
provision of HBO2 corrects the hypoxia, albeit temporarily. It then allows for acceleration of 
the wound healing process through processes which continue long after the HBO2 session has 
ended and tissue oxygen levels have returned to pre-treatment values. Over time the 
oxygenation of the chronic wound improves with HBO2 therapy. Marx and Johnson 
demonstrated that for irradiated wounds, HBO2 induces neovascularisation, which becomes 
significant after about 14 treatments and continues for years after the HBO2 therapy has 
ceased [20] Figure 4. A typical chronic wound will usually require 20 to 30 HBO2 treatments. 
This probably represents the amount of neovascularisation needed to sustain wound healing.  

 

 
Figure 4 - Increase in wound vascularisation with HBO2 treatment. tcpO2 = transcutaneous 
oxygen pressure; LSICS = left second intercostal space  

 

Cytokine down regulation and growth factor up-regulation: HBO2 is capable of favourably 
influencing a number of cytokines and growth factors important to wound healing. When 
administered after wounding, HBO2 up-regulates collagen synthesis through pro-al(I) mRNA 
expression [21]. In rabbit ear wounds HBO2 has been shown to up-regulate mRNA for the 
platelet-derived growth factor (PDGF)-beta receptor [22]. In ischaemic flaps HBO2 up-
regulates fibroblast growth factor (FGF) causing an increased effect over that seen with FGF 
alone [23]. In situations where FGF is ineffective, HBO2 can render it highly effective [24], 
although the effect is different from up-regulation. In patients with Crohn's disease 
interleukin-1 (IL-1), IL-6, and tumour necrosis factor (TNF)-alpha levels are diminished during 
HBO2 treatment [25]. TNF levels in normal rats become elevated after a single exposure to 
HBO2 [26]. For different physiological conditions HBO2 may cause up- or down regulation of 
cytokines. Vascular endothelial growth factor (VEGF) is up-regulated by hypoxia, yet the 
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hyperoxia of HBO2 also up-regulates this factor [27]. The effects of transforming growth factor 
(TGF)-beta1 and platelet-derived growth factor (PDGF)-beta are synergistically enhanced by 
HBO2 [28].  

The HBO2 paradox 

Some biological processes and growth factors are stimulated or up-regulated by hypoxia and 
by HBO2. To date we have identified angiogenesis, collagen synthesis, osteoclastic activity, 
and release of VEGF. Other possible candidates are TNF-alpha and erythropoietin (EPO). 
However, it is unclear how oxygen is able to stimulate biological processes in both hypoxic 
and hyperoxic concentrations. I have called this paradoxical relation between oxygen and 
wound healing the 'Oxygen Paradox'.  

One known mechanism is that by which fibroblasts are stimulated to make collagen through 
peroxides. These occur in the hypoxic wound and during HBO2 treatment [29]. Peroxides 
generated by HBO2 mimic one of the stimuli also found in hypoxia. Another mechanism is the 
stimulation of cytokines by hypoxia and further up-regulation of these cytokines by hyperoxia, 
which occurs during HBO2 treatment. This is the case for some interleukines and for TNF. 
There is some confusion on the exact timing of the release of growth factors and cytokines; in 
one study VEGF, TNF-alpha, and TGF-beta occurred in hypoxic wounds after they had been 
released in normoxia. VEGF, TGF-beta, and PDGF-beta have biphasic release patterns; their 
release is stimulated by hypoxia and hyperoxia, but is lowest during normoxia [29][30]. 
Furthermore, the activity of released VEGF is further enhanced during hyperoxia, especially in 
the presence of lactate [30].  

It is clear that biologically active chemicals such as cytokines and growth factors have a 
complex array of stimuli to up and down regulate activity. Oxygen, cytokines and biologically 
active chemicals and metals appear to have key roles in wound healing processes. As we 
learn more about the role of oxygen, it appears to be much more detailed than in a simple 
mass-action equation.  

Oxygen and infection 

Oxygen is key to the phagocytosis and killing of bacteria by neutrophils or polymorphonuclear 
cells (PMNs). This process involves the production of oxygen radicals and superoxides and is 
directly influenced by the oxygen concentration in the tissue. As the oxygen tension falls 
below 30 mmHg the efficiency of bacteriocidal action of PMNs begins to drop off dramatically 
[31][32]. This was demonstrated by Knighton et al in 1984 where the phagocytic activity of 
neutrophils in ingesting Staph. aureus was compared to oxygen tension [33]. The activity 
level of phagocytosis is shown in Figure 5.  

 

 
Figure 5 - Relationship of leukocyte killing of Staph. aureus and oxygen tension  

 

PMN-mediated killing of several aerobic bacteria - Proteus vulgaris, Salmonella typhimurium, 
Klebsiella pneumoniae, Serratia marcescens, Pseudomonas aeruginosa and Staphylococcus 
species - is diminished in hypoxia [34]. Increasing the concentration of oxygen over ambient 
levels has been shown to reduce infection [35]. When supplemental oxygen was administered 
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during a surgical operation and for two hours postoperatively, infection rates dropped by as 
much as 54% [36]. Thus, increasing tissue concentrations of oxygen has a beneficial effect on 
the ability of PMNs to combat bacteria and prevent infection.  

HB02 and infection 

HBO2 has six actions which have been used to combat clinical infection:  

1. Tissue rendered hypoxic by infection is supported  
2. Neutrophils are activated and rendered more efficient  
3. Macrophage activity is enhanced  
4. Bacterial growth is inhibited  
5. Release of certain bacterial endotoxins is inhibited  
6. The effect of antibiotics is potentiated. 

Support of infected hypoxic tissue: Soft tissue and bone infections are frequently 
accompanied by localised areas of tissue hypoxia caused by the inflammatory processes 
accompanying infection and by subsequent vascular thrombosis [37]. As the infected tissue 
becomes infiltrated with inflammatory cells (PMNs and platelets) the PO2 falls [38]. In 
clostridial gas gangrene the production of phospholipase C has been associated with platelet 
and neutrophil aggregation and vascular thrombosis with subsequent hypoxia [37]. 
Administration of HBO2 can cause the PO2 to increase five-fold in infected tissue [39].  

Neutrophil activation: As tissue PO2 rises, leukocyte killing of bacteria becomes much more 
efficient. Below a PO2 of 30 mmHg PMN killing is markedly reduced [40]. Because areas of 
hypoxia accompany serious tissue infections, HBO2 is an effective means of raising tissue PO2 
to levels at which PMNs can function effectively. By raising tissue PO2 to levels higher than 
that achieved by breathing oxygen at ambient pressure, bacterial killing by PMNs is further 
enhanced [41]. Thus, by increasing tissue oxygen tension, a better than 'normal' antibacterial 
effect can be achieved. Hunt and colleagues have demonstrated that the clearance of bacteria 
from hypoxic tissue is enhanced by hyperoxic breathing mixtures [42][43]Figure 6.  

 

 
Figure 6 - Wound bacterial growth and oxygen tension  

 

Enhancement of macrophage activity: Macrophages, like PMNs, are affected by tissue oxygen 
tension. They perform a key role in combating infection by scavenging bacteria and foreign 
material. Under hypoxic conditions macrophages are unable to scavenge effectively and 
produce peroxides [44]. Hypoxia also induces macrophages to produce the inflammatory 
cytokines TNF-alpha, IL-1, IL-8, and intracellular adhesion molecule-1, which can adversely 
affect the response to infection [45]. While it is not yet known whether HBO2 can enhance 
macrophage function, it may be needed to bring the PO2 of hypoxic tissue up to normal levels 
so that macrophages can function normally.  

Inhibition of bacterial growth: Anaerobic bacteria are particularly susceptible to increased 
concentrations of oxygen [46]. The more sensitive the anaerobic organism is to oxygen, the 
lower the level of superoxide dismutase, an enzyme that allows cells to defend themselves 
against oxygen free radicals [47]. With HBO2 large amounts of oxygen free radicals can be 
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generated, making anaerobic bacteria particularly susceptible to oxidative killing. HBO2 
treatment of anaerobic infections caused by Clostridial perfringens has increased patient 
survival, reduced the need for additional surgery, shortened hospital stay and improved 
outcome [4]. When used appropriately in Fournier's gangrene, a rapidly progressing 
necrotising infection of the perineum, HBO2 has reduced morbidity, extension of necrosis, and 
systemic toxicity [48].  

Inhibition of endotoxin release: In C. perfringens infections the major source of tissue injury 
and death is caused by the alpha toxin. Secretion of this toxin is suppressed by HBO2 
[49][50]. In rats exposed to E. coli peritonitis, HBO2 administration increased survival from 
0% to 92% [51]. One of the mechanisms by which HBO2 appears to have worked is by 
antagonising some of the harmful effects of bacterial endotoxin release. However, to be 
optimally effective, HBO2 must be given early in the course of infection and combined with 
appropriate surgical debridement and antibiotics [52].  

Potentiation of antibiotics: Both Knighton et al [35] and Hunt et al [53] have demonstrated 
that oxygen adds to the effectiveness of antibiotics; the greater the concentration of oxygen, 
the more pronounced the effect Figure 7. This has been demonstrated in experimental Staph. 
aureus osteomyelitis treated with cefazolin [54]. In Pseudomonas aeruginosa infections HBO2 
has an additive effect with aminoglycoside antibiotics, reducing morbidity and mortality [55].  

 

 
Figure 7 - Potentiation of antibiotic effects by HBO2  

 

Side effects of HBO2 

While HBO2 has an admirable safety record, those recommending HBO2 in wound care should 
be aware of potential side effects and complications.  

Ear and sinus barotrauma: Middle ear barotrauma is the most common side effect of HBO2. 
Published reports indicate an incidence of 2-17%, and our experience with an elderly wound 
care population is consistent with this [56][57]. Fortunately most cases of barotrauma are 
minor and can be prevented by extra time spent in teaching the Valsalva manoeuver used on 
descent, slowing the descent rate, and trying other manoeuvers on descent such as drinking 
water with the nostrils occluded and head tilt during Valsalva. Those patients who cannot 
clear the middle ear during pressurisation will need to discontinue treatment and have 
pressure equalisation (PE) tubes inserted.  

The paranasal sinuses are also a possible site of barotrauma on descent. Because of this, 
patients with a cold, upper respiratory tract infection, or allergic rhinitis are not suitable 
candidates for HBO2. If a patient experiences sinus barotrauma during descent, the treatment 
dive is suspended and attention given to clearing the sinus. Oxymetazoline hydrochloride 
0.05% (Afrin) nasal spray may be of help.  

Myopia: Some patients receiving HBO2 will develop reversible myopia. The action of HBO2 on 
the ocular lens is as yet undefined, but may be due to oxidative change of the lens proteins 
[58][59][60]. After cessation of therapy, the refraction usually returns to the pretreatment 
state within a few weeks [61]. The amount of change in the lens is related to the dose and 
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frequency of HBO2 sessions [58]. Patients with wound problems are usually given 20 to 50 
HBO2 treatments, with most patients receiving 30 treatments or less. For most of our patients 
experiencing myopia it has been a temporary problem.  

Aggravation of congestive heart failure: HBO2 causes increased peripheral vascular resistance 
from its vasoconstrictive effects. A decrease in heart rate, cardiac output, and cardiac load 
has been described in healthy dogs [62]. Blood flow to the left ventricle has been noted to 
decrease during HBO2 [63]. We have had patients with severe congestive heart failure suffer a 
precipitous decline in cardiac function after receiving HBO2. Because of this we generally do 
not accept patients with a cardiac ejection fraction of less than 35% for HBO2.  

Oxygen seizures: Oxygen is capable of causing grand mal seizures if breathed under pressure 
for a long enough period of time. Some individuals are more sensitive to oxygen than others 
and the exact dose of oxygen needed to provoke a seizure is quite variable. The mechanism is 
unclear but may be due to increased delivery of oxygen free radicals to the brain [64]. Ionic 
calcium has also been implicated [65]. In our wound treatment dives, 2.4 ATA of oxygen is 
given for 90 minutes, broken up into three 30-minute periods with 10 minute air breaks 
between the oxygen periods. Using this procedure, the incidence of oxygen induced seizure is 
quite rare, 1:10,000 dives [66].  

Pulmonary barotrauma: Pulmonary barotrauma is a potentially serious complication of HBO2. 
The injury is related to pressure changes and occurs only on ascent. For the lungs to be 
injured there must be an obstruction such as a closed glottis or bronchial obstruction after 
reaching depth. During ascent the trapped air will expand, injuring the lung. An ascent of 3.5 
feet (1.07 meters) would cause a trapped air bubble to exert 80 mmHg (10.7 kilopascals) 
pressure, enough to rupture alveoli.  

An untreated pneumothorax is an absolute contradiction to HBO2 therapy and patients with a 
pneumothorax must have a chest tube inserted prior to the treatment dive. If a 
pneumothorax occurs during the treatment, a chest tube must be inserted prior to ascent to 
prevent a marked deterioration in the condition of the patient.  

Patients with severe obstructive pulmonary disease such as untreated asthma or severe 
chronic obstructive pulmonary disease (COPD), with air trapping or bleb formation, could be 
at risk of pneumothorax and should be excluded from diving. However, many of our patients 
have previously been cigarette smokers and have mild COPD, but dive without incident.  

Conclusion 

Hyperbaric oxygen is a powerful treatment for acute and chronic wounds, acting on injured 
and healing tissue in a number of ways. Hypoxic tissue, reperfusion injury, compartment 
syndrome, crush injury, failing flaps, chronic wounds, burns and necrotising infections have all 
been shown to respond favourably to HBO2. As we learn more about how HBO2 benefits 
wounds by up-regulating growth factors, down regulating cytokines, reducing oedema, and 
supporting angiogenesis and new tissue ingrowth, the potential benefits to wound healing 
become clearer.  
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INTRODUCTION
 Extravasation of intravenous fluids is 
a major cause of morbidity in pediatric 
population. Age is a risk factor for 
extravasation possibly due to need for smaller 
catheters and inability to communicate pain 
as an early warning sign. The prevalence 
of extravasation injuries resulting in skin 
necrosis recorded as 38 per 1000 neonates 
(1). Several factors play role in extravasation 
injuries including solution osmolality, 
tissue toxicity, vasoconstrictor properties, 
infusion pressure and regional anatomical 
peculiarity (2,3). Peripheral catheters are 
widely used in sick neonates and children. 
Variety of commonly used intravenous fluids 
have been shown to cause significant tissue 
damage such as antibiotics, chemotherapeutic 
agents, potassium, sodium bicarbonate, 
anticonvulsants and calcium (1,4). 
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 Parenteral alimentation fluids containing 
calcium are widely used to treat sick neonates 
and children. Calcium chloride is commonly 
used in parenteral alimentation fluids and may 
cause local swelling, erythema, blistering and 
progresses to skin necrosis and skin loss(5). 
The most important part of extravasation 
injury is to prevent leakage of infused fluid 
into surrounding tissue, which may cause 
damage. The goals of treatment for this 
condition are early recognition and prevent 
scarring when extravasation occurs. 
 Treatment modalities of extravasation 
injuries include debridement and skin 
grafting, warm or cold compresses, saline 
flushout, multiple punctures, hyaluronidase, 
phentolamine, dapsone and hyperbaric oxygen 
(HBO) therapy (2,6-8). HBO therapy is a 
well-established model of medical treatment 
in which a patient breathes 100% oxygen in a 



special chamber at 2-3 absolute atmospheres 
(ATA). HBO can institute a hyperoxic state 
by increasing dissolved oxygen in plasma 
even in tissues with hypoperfusion. This 
hyperoxic state promotes wound healing by 
neoangiogenesis, interfering with infection, 
fibroblast replication and collagen production. 
In this experimental study, we investigated 
the effect of hyperbaric oxygen therapy on 
calcium extravasation injuries in rats. 

MATERIALS AND METHODS
 Sixteen female Wistar rats weighing 160-
200 g obtained from the Istanbul University 
Medical Faculty Experimental Research and 
Diagnosis Center were used in the study. 
Approval for the study was secured from 
Gulhane Military Medical Academy Hospital 
Ethical Committee. Animals were kept at 
room temperature in a natural day/night cycle 
and were permitted to eat standard rat chow 
and drink tap water ad libitum. Intradermal 
injections of 1 ml calcium chloride were made 
on the dorsal side of each rat after shaving 
the area of injection. The rats were randomly 
assigned to two groups. The control group 
(n=8) received no treatment. The hyperbaric 
oxygen (HBO) group (n:8) received HBO 
therapy for 60 min. at 2,5 ATA for 7 days 
after injection. At the end of seventh day 
skin biopsy including all necrotic tissue and 
surrounding healthy tissue were obtained and 
histopathologic examination was performed 
for control and HBO groups.    
 Biopsy specimens were fixed in buffered 
10% formalin for 12 hours and then embedded 
in paraffin wax. Four-micron-thick sections 
were stained with PAS and haematoxylin and 
eosin (H&E). Histopathologic investigation 
was performed by a pathologist in a blind 
manner. Data were analyzed by Chi –square 
test and a value of p<0,05 was considered 
statistically significant.

RESULTS
 Calcium chloride injection resulted in 
consistent tissue necrosis, which continued 
to enlarge 5-7 days. Extension of the damage 
of calcium chloride through the dermis was 
assessed by histopathologic examination. 
Ulceration and fibropurulent exudates were 
seen after histopathologic examination of 
epidermis. Microscopic findings of dermis 
were capillary necrosis, granulation tissue 
formation and fat necrosis (Figure 1). HBO 
group showed a statistically significant 
preservation of epidermis and dermis with 
minimal necrosing findings of skin injury 
(Table 1). 

DISCUSSION
 Extravasation injuries resulted in skin 
necrosis is an important cause of morbidity 
in pediatric population. In this experimental 
rat model of skin injury, our data suggest that 
HBO may decrease the morbidity associated 
with calcium chloride extravasation injury. 
Although it is hard to identify risk factors 
for extravasation, age is considered the most 
significant one. Children, especially newborns 
are known to have more extravasations 
possibly due to need for smaller catheters 
and inability to communicate pain as an early 
warning sign. 
 Several treatment options have been 
proposed for extravasation injuries including 
both surgical and medical methods. 
Debridement and skin grafting to the area of 
skin loss have been reported as a successful 
surgical method in management of nine 
patients with extravasation injuries whose 
age ranged from 17 days to 60 years (9). 
Warm compresses provide a symptomatic 
relief by reabsorbing infiltrating solutions 
due to local vasodilatation. Maceration of 
the skin and subsequent necrosis have been 
reported as complications of this therapy (4). 
Yilmaz et al described a successful saline 

Table 1. Histopathologic findings of skin injury

Epidermis Dermis

Histopathologic 
finding Ulceration Fibropurulent 

exudate
Capillary 
necrosis Granulation Fat necrosis

Control (n=8) 7 8 7 8 8

HBO
(n=8) 3 3 0 4 2

p 0,059 0,013 0,001 0,038 0,003
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flushout method in their experimental study 
in rats (10). In this technique a blunt-ended 
canula with side holes is used to inject saline 
(11). Chandavashu et al performed multiple 
punctures by using a sterile blood drawing 
stylet to make perforations over the area of 
swelling (12). Hyaluronidase is a protein 
enzyme derived from bovine testicular tissue 
extracts. It degrades hyaluronic acid which 
promotes an increase in tissue permeability 
and absorbtion of fluids through tissues. 
Successful treatment of extravasation injuries 
with injection of hyaluronidase have been 
reported both in experimental animal models 
and in neonates (13-15). Phentolamine is a 
nonspecific alpha adrenergic blocker which 
has been shown to decrease clinical erythema, 
induration and blanching by inhibiting 
vasoconstriction and allowing improved 
blood circulation through the extravasation 
site (16). The leukocyte inhibitor dapsone 
has been reported to have little positive effect 
on healing due to extravasation injury of 
doxorubicin in a rat model (7). 
 In our study extension of the damage of 
calcium chloride through the dermis was 
assessed by histopathologic examination and 
HBO group showed a statistically significant 
preservation of epidermis and dermis with 
minimal necrosing findings of skin injury. 
As far as we know, this is the first study 
investigating the effect of HBO on calcium 
extravasation injuries. Monstrey et al 
reported HBO therapy might be deleterious in 
the early stage of doxorubicin extravasation 
in an experimental study investigating the 
free radical tissue injury (6). However Aktas 
et al reported beneficial effect of HBO in 
adriamycin-induced skin lesions (17). 

 Although further research is required to 
develop management guidelines, we concluded 
that in this experimental study, HBO therapy 
prevents dermal injury of calcium chloride 
extravasation in rats. 
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Hyperbaric Oxygen Therapy 
 

Other common name(s): hyperbaric medicine, hyperbarics, HBOT, HBO2  

Scientific/medical name(s): none  

DESCRIPTION  

Hyperbaric oxygen therapy (HBOT) involves the breathing of pure oxygen while in a sealed chamber 
that has been pressurized at 1.5 to 3 times normal atmospheric pressure.  

OVERVIEW  

Research has shown HBOT is effective when used in addition to conventional treatment for the 
prevention and treatment of osteoradionecrosis (delayed bone damage caused by radiation therapy). 
There is also some evidence suggesting HBOT may be helpful as an additional treatment for soft 
tissue injury caused by radiation. There is no evidence that HBOT cures cancer. The US Food and 
Drug Administration (FDA) has approved HBOT to treat decompression sickness, gangrene, brain 
abscess, air bubbles in the blood, and injuries in which tissues are not getting enough oxygen.  

How is it promoted for use?  

HBOT is used in conventional treatment for decompression sickness and severe carbon monoxide 
poisoning. Decompression sickness, commonly known as "the bends," is an extremely painful and 
potentially dangerous condition that strikes scuba divers who surface too quickly and, occasionally, 
miners and tunnel builders who come up too rapidly. It can also affect fighter pilots who climb very 
quickly.  

Claims about the alternative use of HBOT include that it destroys disease-causing microorganisms, 
cures cancer, alleviates chronic fatigue syndrome, and decreases allergy symptoms. A few supporters 
also claim that HBOT helps patients with AIDS, arthritis, sports injuries, multiple sclerosis, autism, 
stroke, cerebral palsy, senility, cirrhosis, Lyme disease, and gastrointestinal ulcers. Available scientific 
evidence does not support these claims. Because of that, the FDA has sent a warning letter to at least 
one manufacturer about promoting HBOT for unproven uses. The FDA considers oxygen to be a drug 
which must be prescribed by a physician or licensed health care provider to help treat illnesses or 
health conditions. 

What does it involve?  

HBOT can be done in single-person chambers or chambers which can hold more than a dozen people 
at a time. A single-person chamber (monoplace) consists of a clear plastic tube about seven feet long. 
The patient lies on a padded table that slides into the tube. The chamber is gradually pressurized with 
pure oxygen. Patients are asked to relax and breathe normally during treatment. Chamber pressures 
typically rise to 2.5 times normal atmospheric pressure. Patients may experience ear popping or mild 
discomfort, which usually disappears if the pressure is lowered a bit. At the end of the session, which 
can last from 30 minutes to 2 hours, technicians slowly depressurize the chamber.  

After an HBOT session, patients often feel light headed and tired. Monoplace chambers cost less to 
operate than multiplace chambers and are relatively portable. Most health insurance policies cover 
medically approved uses of HBOT. Recently, Medicare and Medicaid have begun to cover them as 
well.  

What is the history behind it?  

In the early 1900s, Orville Cunningham noticed that people with some heart diseases did better if they 
lived closer to sea level rather than at high altitudes. He successfully treated a colleague with influenza



who was near death due to lung restriction, and later developed a hyperbaric chamber. After his 
attempts to use HBOT to treat a host of other conditions failed, the method was abandoned and his 
chamber was scrapped.  

HBOT chambers were developed by the military in the 1940s to treat deep-sea divers who suffered 
from decompression sickness. In the 1950s, HBOT was first used during heart and lung surgery. In the
1960s, HBOT was used for carbon monoxide poisoning, and has since been studied and used for a 
number of health-related applications. It has been the subject of a great deal of controversy because 
of the lack of scientific proof to support many of the other uses for which it is suggested.  

What is the evidence?  

There is strong scientific evidence showing HBOT is an effective treatment for decompression 
sickness, arterial gas embolism (bubbles of air in the blood vessels), and severe carbon monoxide 
poisoning. It may also be useful as an additional method for the prevention and treatment of 
osteoradionecrosis (bone damage caused by radiation therapy), clostridial myonecrosis (a life-
threatening bacterial infection that invades the muscle), and for helping skin graft and flap healing. 
Other evidence suggests HBOT may be helpful for less severe carbon monoxide poisoning, and for 
radiation-induced soft-tissue injury; anemia due to severe blood loss (when transfusions are not an 
option); or crushing injuries, poor wound healing, and osteomyelitis that doesn't respond to standard 
treatment (chronic bone inflammation). There is conflicting evidence about whether HBOT is helpful in 
treating burns and fast-spreading infections of the skin and underlying tissues.  

The lack of randomized clinical studies makes it hard to judge the value of HBOT for many of its 
claims. Available scientific evidence does not support claims that HBOT stops the growth of cancer 
cells, destroys germs, improves allergy symptoms, or helps patients who have chronic fatigue 
syndrome, arthritis, multiple sclerosis, autism, stroke, cerebral palsy, senility, cirrhosis, or 
gastrointestinal ulcers.  

Carefully controlled scientific studies are going on to find out whether HBOT may be helpful for 
lymphedema (swelling in arms or legs after surgery, which can happen after mastectomy), diabetic 
ulcers, cluster headaches, heart attacks, and other conditions.  

Are there any possible problems or complications?  

HBOT is a relatively safe method for approved medical treatments. Complications can be reduced if 
pressures within the hyperbaric chamber remain below 3 times normal atmospheric pressure and 
sessions last no longer than two hours.  

Milder problems associated with HBOT include claustrophobia (in monoplace chambers), fatigue, and 
headache. More serious complications include myopia (short sightedness) that can last for weeks or 
months, sinus damage, ruptured middle ear, and lung damage. A complication called oxygen toxicity 
can result in seizures, fluid in the lungs, and even respiratory failure. Patients at high risk of oxygen 
toxicity may be given “air breaks” during which they breathe room air rather than oxygen for short 
periods during treatment. People with severe congestive heart failure may have their symptoms 
worsened by HBOT. Patients with certain types of lung disease may be at higher risk of collapsed lung 
during HBOT. Pregnant women should be treated with HBOT only in serious situations where there 
are no other options. Hyperbaric oxygen chambers can also be a fire hazard: fires or explosions in 
hyperbaric chambers have caused about 80 deaths worldwide.  
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                                RESEARCH STUDY OVERVIEW 
 
 

HYPERBARIC OXYGEN RADIATION TISSUE INJURY STUDY 
“HORTIS” 

   
Objectives 
 
The principle objective of this research is to more precisely determine the degree 
of benefit that hyperbaric oxygen therapy affords in the treatment of late radiation 
tissue injury. 
 
The study has eight components.  Seven involve evaluation of established 
radionecrosis at varying anatomic sites (mandible, larynx, skin, bladder, rectum, 
colon, and GYN).  The eighth will investigate the potential of hyperbaric oxygen 
therapy to prophylax against late radiation tissue injury. 
 
This study will also generate more precise “Benchmarking” data as to the 
complications associated with hyperbaric exposure, including incidence and 
degree of morbidity. 
 
Background and Rationale 
 
Radiation therapy is a key component of the control and eradication of malignant 
disease.  Adequate tumorcidal doses may, however, result in damage to 
surrounding healthy tissue.  Therapeutic radiation injuries to non-target tissues can 
be divided into acute, sub-acute, and delayed complications.(1)  Acute injuries are 
considered a direct cellular toxicity, self-limiting, and in most cases successfully 
managed symptomatically.  Sub-acute injuries are typically identifiable in only a 
few organ systems, e.g., radiation pneumonitis.  These, too, are generally limited 
but occasionally evolve to late complications.  Late changes occur several months 
to many years after completing radiotherapy. 
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The etiology of radiation’s late effects to normal tissue (LENT) varies somewhat 
between organ systems.  Its hallmark, however, is one of culminating in an 
obliterative endarteritis, and local hypoxia. 
 
The incidence of LENT is related to both total radiation exposure(2) and the length 
of time a patient is out from completing radiotherapy. (1)   The higher the dose, the 
longer the interval from exposure, the greater the risk.  In many cases, resulting 
radionecrotic lesions seriously impair form and function, and require extensive 
surgical correction or repair.(3,4)  Such surgery is fraught with complications, (3,4)   
hence the inclusion of a “prophylactic” hyperbaric oxygen arm.  A disturbing 
degree of mortality further complicates the development of LENT. (3,5) 

 

Hyperbaric oxygen has been utilized in the treatment of radiation tissue injury for 
several decades.(6,7)    Most of the supportive basic science and clinical evidence   
stems from the management of mandibular osteoradionecrosis. (8,9)    More recently,  
the  use of  hyperbaric oxygen has been extended to other anatomic sites. (10,11,12,13)    
This expanded use is based, in large part, on a presumed common underlying 
pathophysiology of LENT, regardless of its anatomic location.  Supportive clinical 
evidence for these other sites is limited, however, and in need of a greater degree 
of scientific scrutiny. 
 
Study Type 
 
HORTIS has been developed as a multi-center study of international participation, 
involving a randomized, double blind, placebo-controlled clinical trial, with 
patient cross-over option. 
 
Patient Eligibility 
 
Patients will be eligible to enter the HORTIS trial if they have a history of 
exposure to therapeutic radiation, and have developed clinically manifest late 
radiation tissue injury (HORTIS I-VII). 
 
A separate group of patients are eligible to be enrolled if they have likewise been 
irradiated, have not developed clinically manifest radionecrosis, and face surgical 
intervention within or through a previously radiated portal (HORTIS VIII). 
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Patients would be considered ineligible if they are considered to be at specific risk 
for hyperbaric-hyperoxic related complications. 

 
 
 
Treatment Plan 
 
Patients will be initially randomized to receive either oxygen at 2.0 atmospheres 
absolute (ATA), or air at 1.0 ATA. 
 
The therapeutic algorithm is personalized to each patient’s degree of response at 
specific points during their course of hyperbaric exposure.  The total number of 
exposures will vary from between 20 and 40. 
 
Following a 30-day observation/”wash out” period, the allocation assignment will 
be opened.  Patients randomized to the 1.0 ATA air group will be offered the 
opportunity to cross-over to the 2.0 ATA oxygen arm.  The offer is mandatory, not 
so the requirement of the patient to cross-over.  A therapeutic algorithm identical 
to the first randomization will be undertaken during any subsequent cross-over 
phase. 
 
Data Collection 
 
Data will be entered into a central electronic HORTIS database, accessible via the 
Internet.  Database access is password protected.  Clinicians approved as HORTIS 
investigators will be granted controlled access.  The randomization sequence will 
be revealed at the time of initial entry of background patient information. 
 
HORTIS investigators will be responsible for entering all required data.  
Assessment of change, and clinical outcomes, will be determined by each 
patient’s referring/specialty physician, who will remain blinded as to  the initial 
randomization sequence. Such determinations will be undertaken using 
standardized forms provided by The Baromedical Research Foundation.  All such 
documents become a part of the Medical Record. 
 
Once the electronic database record has been “Finalized”, the information 
contained therein cannot be altered (“corrected”) by the treating physician.  Should 
an error in data entry occur, or previously unattainable information become 
available, a formal correction request must be transmitted to the HORTIS 
Principle Investigator, in care of The Baromedical Research Foundation.  
 
Requested changes will be approved, or otherwise, by the HORTIS Principle 
Investigator, in his capacity as guarantor of study integrity.  A Quality of Life 
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questionnaire will compliment the clinical data by providing patient-specific 
impressions of the value of this therapy. 
 
 
 
Data Analysis 
 
All data analysis will be undertaken in Columbia, South Carolina, by faculty and 
graduate students at the Biostatistical Department, The School of Public Health at 
The University of South Carolina, USA. These biostatisticians will have 
“download only” access to the database, with no capability to alter the collected 
data. 
 
Statistical procedures used in the analysis of data will include simple tests of two 
proportions (comparing the proportion that heal in the treatment and control 
groups); chi-square tests of independence when the outcome is classified into 
more than two levels, and multiple logistic regression, to adjust for other 
(demographic) factors when comparing the two groups. 
 
All analyses will be performed using statistical programs in SAS. 
 
Publication 
 
The results of HORTIS research will be published in “English-speaking” specialty 
journals specific to the anatomic sites/medical specialties involved.  A separate 
paper is planned for each of the eight HORTIS arms.  Papers will be submitted for 
publication once a mean follow-up of approximately 12-18 months has been 
achieved.  A follow-up report will be generated at a mean follow-up of 4-5 years. 
 
Each center contributing patients to the database will have a local Principle 
Investigator identified.  Each local P.I. will feature in the author listing, as 
appropriate (number of patients referred, and any additional contributions to the 
manuscripts development and review).  All other local investigators (treating 
hyperbaric physicians and referring specialists) who have likewise contributed will 
be recognized where appropriate (author listing, or within the 
“Acknowledgements” section). 
 
For further information on Project HORTIS, please contact The Baromedical 
Research Foundation. 
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Study Probes Pure Oxygen's Healing Properties 

 

Pure oxygen therapy is reputed to have many medical benefits, including saving limbs from 
amputation, and a QUT researcher is setting out to explore its healing properties. 
 
PhD researcher James Broadbent, from Queensland University of Technology's School of Life 
Sciences, is studying pure oxygen, or hyperbaric, therapy's effects on chronic wounds. 
 
"An abundance of anecdotal evidence suggests that hyperbaric oxygen therapy significantly reduces 
the need for chronic leg and foot ulcer sufferers to undergo limb amputation," Mr Broadbent said. 
 
"But there have been no scientific trials conducted to explain exactly why and how it works." 
 
Hyperbaric treatment is administered via a steel chamber that the patient enters spending up to 90 
minutes per session.  
 
Mr Broadbent said finding out why hyperbaric oxygen therapy was such a powerful healer had the 
potential to contribute to new treatment and monitoring strategies for chronic ulcer sufferers. 
 
"It could lead to increased patient quality of life and relieve the financial strain on the healthcare 
system with treatments extending over long periods draining an estimated $500 million from the 
Australian healthcare system," Mr Broadbent said.  
 
"It may also make it easier for patients to be able to claim the treatment under Medicare and likely 
increase the popularity of the therapy."  
 
Mr Broadbent has been granted a $21,000 Smart State Government PhD scholarship to fund the 
research. 
 
Chronic leg and foot ulcers are estimated to affect up to 3 per cent of people over 60.  
 
Current treatment often requires hospitalisation but despite such intensive care leg ulcers are difficult 
to heal.  
 
Hyperbaric oxygen therapy has also been used to treat conditions including burns, gangrene, near 
drowning, severed limbs, smoke inhalation, carbon monoxide poisoning and near electrocution.  
 
Mr Broadbent is conducting the research with the assistance of the Wesley Centre for Hyperbaric 
Medicine and the Cell and Molecular Proteomics Mass Spectrometry Facility at University of 
Queensland.  
 
The Smart State PhD Scholarships program is part of the Government's $200 million Smart State 
Innovation Funds, which are designed to help build world-class research facilities, attract top quality 
scientists and stimulate cutting-edge research projects in Queensland. 
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Abstract 

Objective: The aim of the present study was to examine the efficacy of hyperbaric 
oxygen therapy for the treatment of diabetic autonomic neuropathy. Research Design 
and Methods: We conducted a study of 20 consecutive eligible patients with diabetic 
autonomic neuropathy. All patients had been stabilized in terms of their glycemic 
control for 3 months before the study. The mean age of patients was 61.7±8.2 years, 
the mean diabetes duration 13.8±7.9 years. For the identification of autonomic 
diabetic neuropathy, non-invasive testing of cardiocirculatory functions were 
performed. All patients underwent electromyelography to obtain sympathic cutaneous 
responses by stimulating two different extremities. 
 
Results: There was a significant difference in autonomic neuropathy tests after 
hyperbaric oxygen therapy (p>0.001). Before hyperbaric oxygen therapy, mean 
valsalva ratio was 1.1±0.1, mean heart rate variation with inspiration was 10.4±2.4 
beats/min, mean heart rate response to stand up was 1.0±0.04, mean systolic blood 
pressure response to stand up was 33.4±2.9mmHg. After hyperbaric oxygen therapy, 
mean valsalva ratio was 1.2±0.1, mean heart rate variation with inspiration was 
15.9±2.2 beats/min, mean heart rate response to stand up was 1.0±0.03, mean 
systolic blood pressure response to stand up was 14.1±6.6mmHg. There was a 
significant differences in symphatic cutaneous responses that were obtained by 
stimulation of different region during electromyelography procedure. 
 
Conclusion: After hyperbaric oxygen therapy, the autonomic neuropathy tests and 
electromyelographic findings were significiantly improved. We supposed that 
hyperbaric oxygen therapy was an effective therapeutic modality for the treatment of 
diabetic autonomic neuropathy  

Introduction 

Diabetes mellitus is the commonest cause of neuropathy in industrialized countries. 
The usual patern is a distal symmetrical sensory polyneuropathy, associated with 
autonomic disturbances. Less often, diabetes is responsible for a focal or multifocal 
neuropathy. It is well known that diabetic autonomic neuropathy develops within a 
short duration of diabetes even when somatic neuropathy is not apparent. Metabolic 
abnormalities due to hyperglycaemia and their concequences, ischaemic phenomena 
secondary to diabetic microangiopathy account for nerve lesions. Diabetic autonomic 
neuropathy causes functional disorders of many organs, such as cardiovascular, 
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gastrointestinal, genitourinary, metabolic, and pupillary disfunctions. Among these, 
cardiovascular autonomic neuropathy may increase the risk of sudden death and 
affects the mortality of diabetic patients. Therefore, the diagnosis and treatment of 
autonomic neuropathy at an early stage is important for the management of diabetic 
patients.  

Research Design And Methods 

The study subjects were recruited from the patients who consecutively visit the 
internal medicine clinic of Gülhane Military Medical Academy, Haydarpasa Training 
Hospital. A total of 20 diabetic patients who have diabetic autonomic neuropathy 
were enrolled in the present study. Patients with any other causes of neuropathy, 
including severe liver renal dysfunction, malignant diseases, hypothyroidism, or 
excessive alcoholic intake, were excluded. We also excluded patients with diseases 
interfering with cardiovascular reflexes (e.g., ischaemic heart disease, heart failure, 
or valvular heart disease) and those resieving cardiac glycosides, anticholinergics, 
sympathomimetics, ß-blockers, or other agents affacting the heart rate variability. All 
patients had been stabilized in terms of their glycemic control for 3 months before the 
study.  

The mean age of patients was 61.7±8.2 years, the mean diabetes duration 13.8±7.9 
years. After obtaining informed consent, the baseline neurological function was 
established, and the patients underwent hyperbaric oxygen therapy (20 days, 120 
minute per day). Neurological assessments including neurological examination, nerve 
conduction tests, and cardiovascular autonomic function tests were performed by 
investigators who were blinded to study group before entry into the trial and at the 
end of the trial. During the study, the patients countinued their antidiabetic therapy, 
such as diet, exercise, oral hypoglycemic agents, or insulin, no attempt was made to 
alter the therapy or the level of glycemic control.  

For the identification of autonomic diabetic neuropathy, non-invasive testing of 
cardiocirculatory functions ( Valsalva's manoeuvere, variation of the R-R intervals, 
respiratory variation of R-R intervals, blood pressure between recumbent and upright 
positions) were performed. After 5 minute rest on a bed in the supine position, an 
electrocardiograph ( Cardiofax V, ECG-9320K, Nihon Kohden Cooperation, Tokyo, 
Japan) was used to measure the R-R interval of 100 heart beats and calculate 
automatically the corrected QT time (QTc) and resting heart rate variation. The ratio 
of the breathing at a rate of six times per minute was calculated. Postural changes of 
blood pressure were obtained by measuring the blood pressure in the resting supine 
position on a bed and after standing up.  

All patients underwent electromyelography (Amplaid EMG 14) to obtain sympathic 
cutaneous responses by stimulating two different extremities. By this method, we 
obtained 8 different sympathic cutaneous responses for every subject (table 1).  



 

 

We evaluated two components of these recorded responces; (L1)-time duration 
between stimulation and first positive wave, (L2)- time duration between stimulation 
and first negative wave.  

After obtaining basal data included symphatic cutaneous responces and 
cardiocirculatory function tests, all patients underwent hyperbaric oxygen therapy 
with 2 atmosphere pressure, lasting 20 days and 120 minute per day. After 
hyperbaric oxygen therapy, all tests mentioned above were performed again.  

Statistical Analysis  

All data were presented as mean ± SD. For comparison of data that were obtained 
pre and post-HBO therapy , the Wilcoxon Signed Ranked test was used. Probablity 
levels less than .05 were considered significant. 

Results 

Twenty consecutive eligible patients with diabetic autonomic neuropathy were 
enrolled to the study. The group included 13 women and 7 men, had a BMI of 
27,4±3,4 kg/m2 (range 21.5-36.2) and were aged 61.7 ± 8.2 years (range 49-78). 

The mean glucose level was 12.0±2.5 mmol/L, mean glycosylated hemoglobin 
(HbA1c) was 9.5±2.1, mean duration time of diabetes was 13.8±7.9. These results 
were summarized in Table 2.  



 

 

There was a significant difference in autonomic neuropathy tests after hyperbaric 
oxygen therapy. Before hyperbaric oxygen therapy, mean valsalva ratio was 1.1±0.1, 
mean heart rate variation with inspiration was 10.4±2.4 beats/min, mean heart rate 
response to stand up was 1.0±0.04, mean systolic blood pressure response to stand 
up was 33.4±2.9mmHg. After hyperbaric oxygen therapy, mean valsalva ratio was 
1.2±0.1, mean heart rate variation with inspiration was 15.9±2.2 beats/min, mean 
heart rate response to stand up was 1.0±0.03, mean systolic blood pressure 
response to stand up was 14.1±6.6mmHg. These results were summarized in table 3 
and 4. 

 

 



 

 

(NS=non-significant, p&lt;0,05=significant) 

There was a significant differences in symphatic cutaneous responses that were 
obtained by stimulation of different region during electromyelography procedure. 
These results were summarized in table 5 and 6. 

 

 

(HBO=Hyperbaric oxygen therapy) 



 

 

Wilcoxon signed ranked test; p&gt;0.05: non-significant (NS) 

Discussion 

Among the most common of the long-term complications of diabetes are those 
affecting the peripheral nervous system ( 1 ). A simple definition of diabetic 
neuropathy was agreed to by the International Consensus Group on neuropathy: 
“The presence of symptoms and/or signs of peripheral nerve dysfunction in people 
with diabetes after the exclusion of other causes” ( 2 ). 

The observation that neuropathy has been described in patients with primary (type1 
and type 2) and secondary diabetes of varied causes suggests that a common 
etiologic mechanism based on chronic hyperglycemia has recieved support from 
large prospective studies such as the Diabetes Control and Complications Trial and 
U.K.Prospective Diabetes Study ( 3 , 4 , 5 ). The most important etiological factors that 
have been associated with neuropathy are poor glycemic control, diabetes duration, 
with possible roles for hypertension, age, smoking, hypoinsulinemia, and 
dyslipidemia ( 6 ). 

Nerve fibers degenerate and blood vessels supplying them are grossly diseased in 
patients with diabetic neuropathy. Until the last 10 years, the role of vascular factors 
in the pathogenesis of diabetic neuropathy was denied or seriously questioned. 
However, the recent data from animal models provides inconvertible evidence that 
microangiopathy plays a crucial role in the pathogenesis of nerve damage. 
Furthermore, the development of a significant microangiopathy may form the critical 
point, which determines whether or not nerve fibers repair themselves or proceed to 
total degeneration and hence clinically relevant neuropathy ( 7 ).  
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Therapeutic intervention with a range of vasoactive drugs improves nerve function in 
animal models. Promising results in diabetic patients have also been achieved using 
a range of therapies, including large-vessel revascularization, ACE inhibitors, g-
linoleic acid, and lipoic acid. The results of large clinical trials involving therapies 
acting via the vascular axis supported the clinical relevance of the vascular 
hypothesis (7, 8 , 9 , 10 , 11 , 12 ). Hypotheses concerning the etiology of diabetic 
polyneuropathy have involved a direct metabolic insult to nerve fibers, indirect 
consequences of neurovascular insufficiency, impaired neurotrophic support, and 
autoimmune damage (12, 13 , 14 ). Reduced nerve perfusion is an important factor in 
the etiology of diabetic neuropathy. Studies in streptozocin-induced diabetic rats 
show that nerve conduction velocity (NCV) and blood flow deficits are corrected by 
treatment with vasodilator drugs, with angiotensin II and endothelin-1 antagonists 
being particularly important. The AT1 antagonist ZD7155 also prevents diabetic 
deficits in regeneration following nerve damage, indicating that hypoperfusion is an 
important limitation for nerve repair (12, 15 ). 

The main effects of diabetes are likely to depend on hyperglycemia. The major 
metabolic changes caused by hyperglycemia are increased polyol pathway flux, 
elevated oxygen free radical formation, and advanced glycosylation. All of these 
factors appear to have a negative impact on nerve blood flow and NCV in diabetic 
rats (7,8,9,10,12). While several hypotheses are potentially applicable, it is clear that 
polyol pathway involvement depends largely on vascular events. Aldose reductase 
inhibitors (ARIs) prevent the development of impaired NO-mediated endothelium-
dependent relaxation in large vessels from diabetic rats. Further evidence linking 
polyol pathway effects to a vascular mechanism, comes from studies showing that 
NO synthase inhibitors completely block the beneficial actions of ARIs on NCV and 
blood flow in diabetic rats (12, 16 ).  

Diabetes causes endothelial dysfunction, reduced nerve perfusion, and impaired 
nerve function. The majority of pharmacological manipulations shown to improve 
nerve function in diabetic rats do so via a neurovascular rather than a neurochemical 
mechanism. Thus, tje importance of the endoneurial microenviroment and 
maintenance of adequate perfusion must be considered for selecting therapeutic 
agents in patients with diabetic neuropathy. It is becoming clear that there are 
important defects in several control systems, and therefore a multiple treatment 
strategy could be appropriate (12).  

After hyperbaric oxygen therapy, the autonomic neuropathy tests and 
electromyelographic findings were significiantly improved. We supposed that 
hyperbaric oxygen therapy was an effective therapeutic modality for the treatment of 
diabetic autonomic neuropathy. 

References 

1. Boulton AJM, Malik RA : Diabetic neuropathy. Med Clin N Am 82: 909-29, 1998. 

2. Boulton AJM, Gries FA, Jervell J : Guidelines for the diagnosis and out-patient 
management of diabetic peripheral neuropathy. Diabet Med 15: 508-514,1998. 

http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e8
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e8
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e8
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e9
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e9
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e9
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e10
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e10
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e10
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e11
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e11
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e11
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e12
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e12
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e12
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e13
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e13
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e13
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e14
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e14
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e14
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e15
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e15
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e15
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e16
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e16
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#e16
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#r1
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#r2


3. DCCT Research Group : The effect of intensive treatment of diabetes on the 
development of progression of long-term complications in insulin-dependent diabetes 
mellitus. N Engl J Med 329: 979-86, 1993. 

4. DCCT Research Group : The effect of intensive diabetes therapy on the 
development and progression of neuropathy. Ann Intern Med 122: 561-68,1995. 

5. UKPDS : Intensive blood glucose control with sulphonylureas or insulin companed 
with conventional treatment and risk of complications in patients with type 2 diabetes. 
Lanset 352: 837-53, 1998. 

6. Shaw JE, Zimmet PZ : The epidemiology of diabetic neuropathy. Diabetes 
Reviews 7(4): 245-52, 1999. 

7. Malik AR : Pathology and pathogenesis of diabetic neuropathy. Diabetes Reviews 
7(4): 253-60, 1999. 

8. Rayman G : Diabetic neuropathy and microcirculation. Diabetes Reviews 7(4): 
261-74, 1999. 

9. Said G : Diabetic neuropathy : an update. J Neurol 243(6): 431-40, 1996. 

10. Pfeifer MA, Schumer MP : Clinical trials of diabetic neuropathy : past, present, 
and future. Diabetes 44(12): 1356-61,1995. 

11. Jude EB, Abbott CA, Young MJ et al. : The potential role of cell adhesion 
molecules in the pathogenesis of diabetic neuropathy. Diabetologia 41(3): 330-6, 
1998. 

12. Cameron NE, Cotter MA : Metabolic and vascular factors in the pathogenesis of 
diabetic neuropathy. Diabetes 46(2): 31-37, 1997. 

13. Tomlinson DR, Fernyhough P, Diemel LT : Role of neurotrophins in diabetic 
neuropathy and treatment with nerve growth factors. Diabetes 46(2):43-49, 1997. 

14. Rabinowe SL : Immunology of diabetic and polyglandular neuropathy. Diadetes 
Metab Rev 6: 169-88, 1990. 

15. Cameron NE, Cotter MA, Dines KC et.: Pharmacological manipulation of vascular 
endothelium in non-diabetic and streptozotocin-diabetic rats : effects on nerve 
conduction hypoxic resistance and endoneurial capillarization. Diabetologia 36: 516-
22, 1993.  

16. Cameron NE, Cotter MA, Hohmann TC : Interactions between essential fatty 
acid, prostanoid, polyol pathway and nitric oxide mechanisms in the neurovascular 
deficit of diabetic rats. Diabetologia 39: 172-82, 1996. 

 

http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#r3
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#r4
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#r5
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#r6
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#r7
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#r8
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#r9
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#r10
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#r11
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#r12
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#r13
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#r14
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#r15
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijn/vol1n2/oxygen.xml#r16


The Healing Powers of Hyperbaric Oxygen Treatment  

Oxygen is essential to proper healing of bodily tissues, whether it's skin, muscle or bone. In most 
cases, the act of breathing combined with a healthy network of veins and arteries provide enough 
oxygen for body tissues to heal. However, in certain circumstances, hyperbaric oxygen treatment is 
used to substantially increase oxygen flow within tissues to improve healing.  

Patients undergoing hyperbaric treatment are placed in a chamber where 100% oxygen is 
circulated. The oxygen is pressurized so that air pressure may be 2-3 times greater than normal. 
This allows the lungs and skin to absorb more concentrated oxygen in a shorter period of time.  

Hyperbaric oxygen treatment was originally used to relieve scuba and deep-sea divers of a 
dangerous condition called decompression sickness or "the bends." While ascending from 
underwater, nitrogen gas bubbles may form in the lungs, tissues and bloodstream. Blood flow may 
be blocked, with disastrous results, and blood vessels may be damaged. Hyperbaric treatment 
neutralizes the effects of nitrogen.  

Today, the Undersea and Hyperbaric Medical Society has approved use of hyperbaric oxygen for 
several other conditions besides the bends. The length and number of treatments depends on the 
condition and its severity.  

Air or Gas Embolism: This is similar to the bends, when air or gas bubbles enter arteries or veins, 
reducing blood flow and affecting oxygen circulation.  

Carbon Monoxide Poisoning: Carbon monoxide (CO), a colorless, odorless gas, is a byproduct of 
combustion. It binds to red blood cells, blocking delivery of oxygen to the body. Hyperbaric oxygen 
accelerates the clearance of CO from the body, restoring oxygen delivery and preventing toxic 
effects on the central nervous system and blood vessels.  

Gas Gangrene: This bacterial infection eats away soft tissues, releases toxins into the blood 
stream and inhibits the body's defense mechanisms. These bacteria prefer low-oxygen 
concentrations. High doses of oxygen via hyperbaric therapy inhibit bacteria and toxin production.  

Crush Injuries: Complications of crush injuries, such as from motor vehicle accidents, falls and 
gun shots, are very frequent. By increasing oxygen delivery to injured tissues, hyperbaric 
treatments reduce swelling, improve healing and help fight infection.  

Problem Wounds: Wounds may fail to respond to standard care because of low oxygen levels and 
impaired circulation. Foot ulcers in diabetics are one such problem. By increasing oxygen levels 
within the wound tissues, hyperbaric therapy promotes healing.  

Anemia/Blood Loss: In cases where a patient can't accept a blood transfusion for medical or 
religious reasons, sufficient oxygen delivery (via red blood cells) might be compromised. 
Hyperbaric treatment increases the oxygen content of existing red blood cells.  

Intracranial Abscess: A sinus infection or bone infection of the skull may form an abscess within 
the skull or brain. Antibiotics may be ineffective and white blood cells require a minimum oxygen 
level to kill bacteria. Hyperbaric treatment provides oxygen for white blood cells and inhibits 
bacteria that need low oxygen levels to grow.  

Soft Tissue Infections: These are serious infections -- in which tissue is dying -- that may be 
complicated by conditions such as diabetes or vascular disease. While primary treatments are 
removing the infected tissue and administering antibiotics, hyperbaric oxygen may inhibit bacteria 
from growing and enhance the ability of white blood cells to kill bacteria.  

Bone Infections: Osteomyelitis, infection of the bone, that does not respond to standard 
treatment may benefit from hyperbaric oxygen. It inhibits bacterial growth, increases the killing 
power of white blood cells and enhances the effects of some antibiotics.  



Radiation Therapy Complications: Chronic complications of radiation therapy used to treat 
cancer may result from scarring and narrowing of the blood vessels. Hyperbaric treatment allows 
more oxygen to reach these damaged areas and helps prevent tissue from dying for lack of blood 
and oxygen flow. It is most often used in the head and neck areas.  

Skin Grafts: The success of transferred skin grafts or flaps (which might include skin, deeper 
tissue, muscle and bone) is largely dependent on sufficient oxygen supply to the affected area. 
Hyperbaric treatment can be used to saturate the area with oxygen before and after grafting.  

Burns: Hyperbaric therapy is sometimes used to treat burns to the hands, face or groin area, or 
for deep second-degree and third-degree burns that cover more than 20% of the patient's body. 
Hyperbaric oxygen reduces swelling, limits progression of the burn injury (which continues 3-4 
days after the initial injury) and may diminish lung damage from inhalation of heat and smoke.  

At the Medical College of Wisconsin, researchers are studying hyperbaric therapy for additional 
uses, alone and in combination with other treatments. Medical College researchers have pioneered 
the use of hyperbaric oxygen in conjunction with NASA's near-infrared light-emitting diode 
technology for treatment of hard-to-heal wounds.  
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pure cerebral hypoxia may vary in its presentation from that

of cognitive impairment due to a mild altitude sickness, to

coma which results from severe, rapid hypoxia (Gibson, 1981).

Several references inferred that the biochemical basis

of the brain's sensitivity to mild hypoxia is unexplainable.

Gibson, however, pointed out that several neurochemical

systems are oxygen dependent, and thus are potentially

vulnerable to an oxygen shortage. Quantitatively, the

largest amount of oxygen is consumed in the oxidation of

glucose to make energy available for normal brain function.

Oxygen plays both a direct and indirect part in

neurotransmitter metabolism. The synthesis of this process

includes direct utilization of molecular oxygen (Gibson,

1981).

HBO and Memory: According to Jacobs, there is evidence

regarding their study, that leaves little doubt that a

relationship does exist between oxygen supplied under

pressure to cortical tissue, and the increase of the

cognitive function of memory (Jacobs, 1970). There is a

strong indication that hyperbaric oxygen treatment has

advantages on the after-effects of anoxia, especially on the

brain oedema, a correction which can develop hours and even

days after anoxia (Sharp, 1962; Sluyter, 1963).

Huppert found that hypoxia had a significant effect on

the results of memory, but not on the results of some other

tests of mental functions. The studies' findings had
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implications for the treatment of chronic hypoxia, including

the very mild hypoxia that is relatively common in the

elderly. It was concluded that if this mild hypoxia were

treated, possibly memory impairment would no longer be an

inevitable accompaniment of aging (Ruppert, 1982).

At the Fourth International Congress of Hyperbaric

Medicine, during a session on cognitive functioning in the

aged, Levin reported the treatment on patients with chronic

hypoxia and found their reaction was the same as a senile

individual in the shortness of memory, irritability, and

changeable personality. When the hypoxia was improved, the

memory improved (Levine, 19 ).

McFarland demonstrated that oxygen deprivation leads to

capacity loss of sensory perception, judgment, and insight.

The subjects recovered upon the resumption of a normal supply

of oxygen ( McFarland, 1932). Jain provided a table

summarizing more recent studies of the effect of hypoxia on

mental functions, included on the following page (Jain,

1 989):

Vn(
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Oxygen in Physiology and Medicine

Table II-C

Some Recent Studies of the
Effect of Hypoxia on Mental Function.

Author
Subjects

Cause of hypoxia
or Method Testsand Year

Pulsinelli Humans Breathing 10% oxygen
(Arterial pO2 45-60 mmHg.)

Memory
Intelligence8 Blass, 1981

Huppert, Patients Chronic obstructive
pulmonary disease
(Arterial pO2 66 mmHg)

Reaction time
Memory
Decision-making
Word fluency

1982

Prigatano et
al, 1983

Patients Chronic obstructive
pulmonary disease
(Arterial pO2 66 mmHg)

Halstead
Impairment
Index

Clinke and
Wauquier,
1984

Patients

_

Posttraining hypoxia
100% nitrogen breathing
or 1 min.

Conditioned
2-way shuttle
behavior

Grant et al,
1987 I

Patients Chronic obstructive
pulmonary disease

Neuropsycho-
logical tests

Results

Diminution of
short-term
memory

Impairment of
memory only

Decline of
mental function
Possible contri-
buting factors:
aging and
depression.

Improved per-
formance in
control group.
None in hypoxic
animals.

deficits was
27% in those
with mild
hypoxia and
61% in those
with severe
hypoxia.

Incidence of
neurological



Cambridge University Department of Experimental

Psychology, with Felicia Ruppert, reported a study concerning

memory impairment associated with chronic hypoxia. The

performance in the group testing was as follows:

a. recall is more difficult than recognition;
b. words are more difficult to remember than pictures;
c. incidental memory tests are more difficult than

intentional memory tests;
d. decisions about category (living versus manmade)

take longer than decisions about physical features
(color);

e. items which originally required a decision about
category are remembered better than those which
originally required a decision about physical
features.

The results of the investigation suggested that among

humans, chronic hypoxia is associated with impairment of some

aspects of mental function. Memory impairment appears'

implicated, but possibly not speed of performance (Huppert,

1982).

The Jacobs study with the Veterans ' Administration

Hospital in Buffalo, and the New York State University,

School of Medicine, concluded that their experiment indicates

that increased arterial oxygen tension effected by hyperbaric

oxygenation increases the efficiency of cognitive function of

memory in aged subjects with symptoms of senility. Control

subjects exposed to the same procedure but breathing normal

normo-oxygen showed no improvement. Then these same patients

were then exposed to the experimental treatment; the same

marked improvement was shown (Jacobs, 1970).
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Because oxygen supply to the cortical tissue is

dependent on blood flow, arterial oxygen content, and

intercapillary distance, it is apparent that any condition

which adversely affects these factors may alter cognitive

functions, particularly memory storage of recent events and

efficiency of conceptual activity (Jacobs, 1970).

Sample Causes of Anoxia and Hypoxia

Oxygen deficiency disorders are common. Anoxia and

hypoxia can occur for many different reasons, and include

various ages, a multiplicity of environmental settings, and

numerous medical conditions. The most common cause of tissue

hypoxia is physical exertion. Jain lists various disorders

leading to hypoxia as follows:

Causes of Hypoxia (Jain, 1989)

Table II-D

I. Inadequate oxygenation in the lungs.
1. Deficient oxygen in the atmosphere: high altitudes,

closed spaces.
2. Hypoventilation.
3. Pulmonary disorders.
4. Sleep Disordered Breathing (SDB): sleep apnea,

snoring, nocturnal hypoxia.
5. Increased demand of tissues beyond normal oxygen

supply (relative hypoxia): exercise, inflammation
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and hypothermia.
II. Inadequate transport and delivery of oxygen.

1. Carriage of oxygen combined with hemoglobin.
2. Increased affinity of hemoglobin for oxygen.
3. Circulatory disorders.
4. Disturbances of hemorheology and microcirculation.

III. Inadequate tissue capability of using oxygen.
1. Cellular enzyme poisoning.
2. Reduced cellular enzymes because of vitamin

deficiency.

Aging, Senility, and Hypoxia: Aging is a condition

development that begins with conception and terminates at

death. It is proposed that the aging process may be a

somewhat unavoidable and irreversible change produced by free

radical reactions (Harman, 1986).

In search of a theory of aging, McFarland considered

aging to a result of altered oxygenation. He purported that

the aging process involved a diminishing capacity of the

tissue of the body, particularly those of the central nervous

system, to transport or utilize oxygen. He found that the

decline of mental ability with aging was similar to that

resulting from hypoxia (McFarland, 1963; Jain, 1989).

Hypoxia in aging further depresses cerebral metabolism, and

aging reduces the ability of the brain to adapt to hypoxia

(Gibson, 1981; Schulze, and Janicke, 1986; Marzatico, 1986).

Observations by Jain include improvement of mental

function only in patients with cerebrovascular disease,

whether normobaric or hyperbaric oxygen is used. Several
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other hypoxic conditions respond to oxygen therapy, but

degenerative diseases such as Alzheimer's disease do not

(Jain, 1989).

Kety's studies establish that decreases in cerebral

blood flow and oxygen consumption are not the consequences of

chronological aging per se, but' rather of arteriosclerosis

which causes first a relative cerebral circulatory

insufficiency and anoxia, and then ultimately, a secondary

reduction of cerebral metabolic rate (Kety, 1956; Jain,

1989).

Arteriosclerosis and Hypoxia: Among elderly persons

with very good mental and physical health, there may be as

low as a 7% decrease in cerebral blood flow with aging.

For individuals with cerebral arteriosclerosis and organic

brain disease however, there is a demonstration of oxygen

shortage or hypoxia of the brain tissue with a 20% to 25%

decrease in cerebral blood flow. This represents a basic

disturbance of the aging brain cells to absorb and metabolize

oxygen. An adequate environmental oxygen supply to the brain

is an important factor in maintaining the unimpaired

function of the higher mental faculties of man (Barach,

1970).

The principle cause of senility is arteriosclerosis, a

hardening of the arteries. It is a disease that narrows the

blood vessels transporting blood to the brain, thereby

reducing the oxygen supply to the brain. As the brain tissue
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is gradually starved of oxygen, it begins to deteriorate.

The brain begins to shrink as many brain cells die daily.

Many more brain cells are thought to slow down or become

idle, ceasing to function effectively. A major breakdown

frequently occurs in the memory mechanism. Weakened brain

cells stop accepting and processing information, and short

term memory is affected first; for example, the inability to

remember having taken vitamin pills a few hours ' earlier.

These same cells, however, preserve memories of information

processed a long time ago; for example, the words of an old

song that was popular in 1940 (Trimble, 1974).

Scientists and medical personnel are confronted with the

fact that today it is difficult, or next to impossible, to

increase the blood flow to the brain of aging

arteriosclerotics, because the walls of their arteries have

lost their elasticity. In an analogous coronary treatment

of the brain, the cerebral arteriosclerosis disease permits

researchers to suggest that ischemia (poor blood supply), and

hypoxia of certain areas of the brain may result in

deficient oxidation accumulating in brain cells, with

impairment in function comparable to the pathologic situation

in coronary sclerosis (Brach, 1944).

In spite of reduced circulation, some hyperbaric oxygen

researchers claim that the pressurized treatment enriches the

oxygen content and thus enables idle brain cells to again

function. The lack of oxygen in the tissue supplied by a

49



completely or partially obstructed artery, known as ischemia

or local hypoxia, reacts to the therapeutic value of oxygen

inhalation and has been demonstrated with cases of patients

with arteriosclerosis (Hill, 1921; Cunningham, 1927; Barach,

1944; Barach, 1970).

The use of 100% oxygen under a pressure of 2 or more ATP

can be critically effective in the treatment of occlusive

diseases of the coronary arteries (Smith, 1962), the

peripheral arteries of extremities (Smith, 1961), and the

cerebral arteries (Smith, et.al. 1961).

Apnea - Sleep Disorders, Hypoxia, and Hypoxemia:

Sleep-Disordered Breathing (SDP) is the term used to describe

respiratory disturbances that occur during sleep. Sleep

apnea and snoring identify the most recognized forms of this

disturbance. Sleep apnea is estimated to be present in 1%

of the adult population with a 9:1 ratio of men to women

(Jain, 1989; Russi, 1987). Sleep apnea is often associated

with snoring, and heavy snoring is a primary feature of

obstructive sleep apnea problems. Snoring can occur in a

normal subject, however, without significant oxygen

desaturation (Perez-Padilla, 1987). When hyposaturation with

oxygen occurs during sleep, it is most often during snoring

than sleep apnea (Amend, 1987). Snoring is recognized as an

independent risk factor for hypertension, heart disease, and

stroke (Telakivi, 1987; Koskenvuo, 1987).

Sleep apnea is described as an activity of respiratory
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arrest of at least 10 seconds in duration. Sleep Apnea

Syndrome (SAS), is diagnosed when the breathing discontinues

at least 5 times in 1 hour, or 30 times in 1 night. Apneas

which occur during sleep and last less than 3 seconds are

considered to be nonpathological (Knight, 1987).

The following are charts showing (1) the causes of

Sleep-Disordered Breathing, and (2) the effects of

Sleep-Disordered Breathing:

Hypoxia

Causes of Sleep-Disordered Breathing (SDB) (Jain, 1989)

Table II-E

I. Chronic obstructive pulmonary disease.
Ii. Obstruction of the upper respiratory passages leading to

snoring.
1. Deviated nasal septum in 60% of cases.
2. Atony of laryngeal and pharyngeal musculature.
3. Thickening of the soft tissues due to mxyedema and

acromegaly.
4. Rhinitis, pharynigitis and laryngitis.

III. Neurological disorders.
1. Posterior fossa and brain stem lesions (Adelman et

al, 1984).
2. Post-operative upper cervical spinal cord lesions.
3. Bulbar poliomyelitis.
4. Duchenne's muscular dystrophy (Smith et al, 1988).
5. Down's syndrome (South et al, 1987).
6. Alzheimer's disease.

IV. Drugs and other substances affecting the brain.
1. Alcohol ingestion before bed-time (Vitiello et al,

1987).
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2. Hypnotic and sedative medications, particularly in
the elderly.

V. Obesity (Kopelman et al, 1986).
VI. Cardiovascular disorders: 30% of hypertensives have

SDB.

Table II-F

Effects of Sleep-Disordered Breathing (SDB)

I. Neuropsychological
1. decline of mental function
2. personality change
3. depression
4. lack of concentration

II. Neurological
1. excessive sleepiness during the day
2. EEG abnormalities
3. morning headaches
4. increased risk of stroke
5. increased incidence of Alzheimer's disease

III. Cardiovascular
1. cardiac arrhythmias
2. arterial hypertension in 50-90% of patients with

sleep apnea
3. pulmonary hypertension
4. increased risk of myocardial infarction
5. right heart insufficiency

IV. Hematological
1. polycythemia

V. Endocrinological
1. impotence associated with decreased serum

testosterone levels

Relative to the pathophysiology of sleep apnea, oxygen

saturation has been shown to fall more during sleep than

during voluntary breath-holding while awake. The rate of
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decline depends upon the initial oxygen saturation, which is

lower in the case of persons with Sleep-Disordered Breathing

(Strohl, 1984). Sleep apnea may reduce the oxygen saturation

of the blood from a walking baseline of 94% to 97% down to

60% intermittently. These clinical effects of sleep apnea

appear to result mainly from hypoxia (Jain, 1989).

The review of literature included many studies which

describe the relationship between aspects of sleep,

respiration, and intellectual functioning in cognitive

impaired persons. Sleep apnea represents a good study model

of intermittent hypoxemia (Williams, 1978). It is reported

that individuals with sleep apnea can experience hundreds of

apneas over the course of the night with repeated episodes of

alarming oxygen desaturation (Greenberg, 1987).

Investigations by a number of researchers, indicate the

neuropsychological status in patients with mild to moderate

continuous hypoxemia, as being a result of pulmonary system

disease. They have documented multiple deficits including

impairment in abstract reasoning, problem solving, and

psychomotor abilities (Fix, 1982; Grant, 1980; Grant, 1982;

Krop, 1973; Prigatano, 1983). These hypoxemia-related

deficits are significant since many show a relationship to

the degree of psychosocial disruption in these persons lives

(Greenberg, 1987; McSweeny, 1982; McSweeny, 1985)

Moldofsky et al in the study, Disordered Breathing

During Sleep and Overnight Intellectual Deterioration in
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Patients with Pathological Aging, reported that data of the

intellectually deteriorated patients show relationships among

the overnight changes in cognition and perceptual-motor

function as assessed by the MSQ and Simon tests

(computer-controlled electronic games), sleep-related

ventilatory disturbances and nocturnal oxygen desaturation.

They concluded therefore, that impaired ventilation during

sleep seems to be associated with impaired intellectual

functioning in patients showing senility (Moldofsky, 1983).

Other clinical situations and preliminary reports

suggest that changes in cognitive status accompany breathing

disorders (Lavie, 1983), sleep related respiratory

interruptions among the aging (Yesavage, 1985), and include

cases of heavy snoring (Berry, 1986), which is a frequent

sign of sleep apnea (Greenberg, 1987).

Jain found cognitive functions and memory (both verbal

and nonverbal) to be involved most consistently in the

shortage of oxygen regarding apnea (Jain, 1989).

The study completed by Hoch et al, found that the

incidence of Sleep-Disordered Breathing is 41% in patients

with Alzheimer's disease, 11.4% in patients with depression,

and 16.7% in patients with both cognitive impairment and

depression (Hoch, 1986).

It is noted by Moldofsky that the behavioral effects of

sleep deprivation or fragmentation among normal young

subjects is similar to the intellectual and personality
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changes that often characterize aging individuals. Therefore,

many aging persons are similar to totally or partially

sleep-deprived young individuals who experience chronic

fatigue, inattentiveness, daytime sleepiness, irritability,

memory impairment, and mood and behavioral disturbances

(Moldofsky, 1983).

The study conducted at the Departments of Psychiatry and

Medicine at the University of Toronto by Moldofsky, et al,

regarding Sleep-Disordered Breathing and overnight

intellectual deterioration, concluded that respiratory

disturbances and intellectual changes reflect a generalized

deterioration in the central nervous system functions. Also,

SDB may involve a dynamic interaction of impaired respiratory

drive while sleeping and lead to hypoxemia and impairment of

other cerebral functions, resulting in intellectual

deterioration. It is also stated that while the level of

arterial oxygen desaturation at night was not severe,

cerebral hypoxia might never the less result, due to

decreases in cerebral circulation. Thus, such nocturnal

cerebral hypoxia conceivably may impair the cognitive

function of the brain and produce intellectual deterioration

(Moldofsky, 1983).

Greenberg, with the University of Chicago Medical

School, Watson, from Yale University School of Medicine, and

Deptula, of the University of Connecticut, regarding their

mutual studies of dysfunction in sleep apnea concluded the
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following: (1) The studies found that hypoxemic sleep apnea

patients experience neuropsychological dysfunction beyond

that which can be attributed to the effects of either

excessive daytime sleeping or aging. Apnea patients showed

deficits on measures of attention, motor efficiency,

graphomotor ability, and perceptual - organizational skills,

when compared with the control group. (2) Though the

neuropsychological dysfunction appears to be only moderate in

degree, the results may represent a conservative estimate of

the severity of the cognitive functions and the motor

impairments of those suffering from sleep apnea. The

patients in this study were young and newly diagnosed, and

had not experienced hypoxemic brain damage as would be

expected of older individuals. There is evidence that the

incidence of sleep apnea rises with age (Williams, 1978), and

the disorder in an older individual may frequently interact

with a more fragile biologic system or coexisting disease.

(3) Since the studies, patients demonstrated average

intellectual abilities as indicated by their vocabulary and

information subtest results. The sleep apnea patients may

appear more cognitively competent than they really are, and

therefore, problems may not become apparent until the patient

is confronted with a novel task or nonverbal adaptive

functioning and problem solving. (4) The study implicates the

disease related hypoxemia as a course of cognitive

dysfunction. Research investigation continues by the group
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for treatment to reverse cognitive dysfunction (Greenberg et

al, 1987).

Regarding investigations of patients with

Sleep-Disordered Breathing, Jain stated that ECG changes are

indicative of myocardial hypoxia due to SDB, and have been

shown to improve after oxygen therapy (Fairbanks, 1987;

Tirlopur and Mir, 1982; Jain, 1989).

Carbon Monoxide and Hypoxia: Oxygen under pressure is

used to counteract carbon monoxide poisoning. During smoke

inhalation, for example, carbon monoxide ties up blood

hemoglobin's ability to carry oxygen. End theorized that if

enough oxygen could be dissolved in the blood, the poisonous

effects would be nullified (End, 1942).

Mild carbon monoxide poisoning due to exposure to

environmental pollution and smoking is very common, the

results of which are subtle mental and physical disorders

which may go undetected (Jain and Fischer, 1989). Patients

affected by acute carbon monoxide poisoning are suffering

from hypoxia. Normobaric oxygen and even more oxygen at

increased pressure are valuable adjuncts in the treatment

(Meijne, 1970).

Carbon monoxide acts by disturbing the function of

oxygen transport. Accordingly, it is caused by the following

mechanisms: (1) Carbon monoxide combines with the

hemoglobin, making this hemoglobinsno longer available for ,

oxygen transport. (2) The hemoglobin and carbon monoxide
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combination impedes the dissociation of the oxyhemoglobin

that is still available for oxygen transport. (3) A special

toxic action has been ascribed to carbon monoxide (Meijne,

1970).

Carbon monoxide is absorbed and excreted exclusively by

the lungs. After entering into the bloodstream, it combines

with the hemoglobin at the same point in the hemoglobin

molecule as oxygen. It has, however, an affinity for the

hemoglobin molecule which is up to 240 times greater than

that of oxygen according to the Haldone's law (Jain, 1989).

By way of review, there are three biochemical functions

which operate in the presence of carbon monoxide: (1) oxygen

availability is restricted; (2) oxygen transport is

restricted; and (3) the utilization and operation of oxygen

is restricted. The saturation of oxygen is reduced by carbon

monoxide in a direct proportion to the hemoglobin's carbon

monoxide concentration.

It is purported that carbon monoxide inhibits the

mitochondria electron transport in vivo. Carbon monoxide has

a strong influence on the relationship between the

respiratory chain function and the cellular energy

metabolism, thus blocking half of the hemoglobin ' s

availability for oxygen transport (Chance, 1970).

Jain lists factors which aggravate carbon monoxide

poisoning as follows:
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Factors Which Aggravate CO Poisoning (Jain, 1989)

Table II-G

1. High concentrations of CO in the atmosphere.
2. Long duration of exposure.
3. Exercise in atmosphere polluted with CO.
4. Cigarette smoking in atmosphere polluted by CO.
5. Acute exposure to CO in persons with chronically

elevated COHb levels.
6. High altitudes (above 1500 m. or 4900 ft.). Exposure to

CO in presence of hypoxia.
7. Pregnancy.
8. Pre-existing medical disorders:

a. Myocardial ischemia.
b. Cerebral ischemia.
c. Anemia.
d. Thyrotoxicosis.
e. Fever.
f. Diabetes.

9. Old Age.
10. Carbon dioxide narcosis.

In respect to exercise in an atmosphere where carbon

monoxide prevails, Jain comments that during exercise there

is faster gas exchange, an increased cardiac output, and more

carbon monoxide concentration is observed in the plasma in a

short period of time. Thus, exercise increases oxygen

requirements and relative hypoxia. Carbon monoxide

absorption is increased two-fold if a person is walking and

three-fold if the subject is exercising vigorously.

Jain continues that carbon monoxide affects most parts
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of the body, but the areas which are most affected are those

with high blood flow and oxygen demand, such as the brain and

the heart. Regarding the psychological, there is specific

impairment of the cognitive function of memory, and decreased

time estimation (Jain, 1989).

One hundred percent oxygen shortens to 25 percent of the

half-life of carbon monoxide poisoning. Hyperbaric

oxygenation at 1 ATA shortens the time by another 25%. The

purpose for using hyperbaric oxygen treatment is to

restore adequate oxygen to hypoxic tissues. The successes

accomplished by standard methods of normobaric oxygen

treatment indicate the possibilities of a more rapid and

efficient means toward this restoration through hyperbaric

techniques.

Half-Life of Hemoglobin and Carbon Monoxide

(Jain, 1989)

Table II-H

Pressure Time

Air 1 ATA 5 hr. 20 min.
100% oxygen 1 ATA 1 hr. 20 min.
100% oxygen 2 ATA 23 min.

ATA = Absolute atmospheric pressure
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Meijne summarizes the effects of oxygen under increased

pressure (oxygen at 3 ATA) as follows: (1) During impaired

oxygen transport by the hemoglobin, more oxygen can be

transported in dissolved condition which results in less

tissue hypoxia. (2) High alveolar oxygen tension increases

the rate of carbon monoxide elimination which is regarded as

a welcome coincidence. (3) Oxygen administration at 2 and 3

ATA reduces the amount of tissue hypoxia mainly by increasing

the dissolved oxygen in the plasma; and in addition, high

oxygen tensions increase the rate of carbon monoxide

elimination (Meijne, 1970).

Jain concludes that chronic carbon monoxide poisoning

leads to cerebral hypoxia and impairment of cognitive mental

functions (Jain, 1989).

Exercise and Hypoxia: Oxygen plays a dominant role in

exercise physiology. The description "aerobic exercise"

depicts activity that is primarily fueled by oxidation. The

description "anaerobic" makes reference to activities that

are fueled by the anaerobic breakdown of glucose to lactate.

In any dynamic activity at high work output, both aerobic and

anaerobic pathways are used for the production of ATP

(adenosine triphosphate). Jain continues by listing the

essentials and the variables required in aerobic exercise as

follows:

1. Fuel such as glucose.
2. Oxygen uptake:

a. Pulmonary ventilation.
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b. Cardiac output.
3. Oxygen extraction. Arterio-Venous (A-V) oxygen

difference.

Jain concures with the Olympic regulations which

question the fairness of using hyperbaric oxygenation. For

example, the athletes who "regenerate" faster under

hyperoxia (increased oxygen under pressure) after they have

taken part in an exhaustive event, may have an unfair

advantage over other competitors in a following event if the

other competitors recover only in normal air. The use of

hyperoxia (HBO) may be disallowed by the Olympic Committee

because of this advantage (Jain, 1989).

High Altitude and Hypoxia: High altitude hypoxia is

another cause of impairment of cognitive mental functions.

In recent studies, eight Swiss high altitude climbers were

included in a comprehensive battery of neuropsychological

tests (Oelz and Regard, 1988). The clinical and neurological

pretests revealed no abnormalities. Each of the climbers had

I.Q. values that were higher than those of the control group.

After the high altitude climb, half of the climbers showed a

defect in short-term memory, defect in cognitive

flexibility, and a reduction in concentration. These

findings indicated a dysfunction of the fronto-temporo-basal

area of the brain, a cerebral insufficiency due to hypoxia

(Jain, 1989). West reviewed evidence that indicates that

climbing to extreme high altitudes without supplementary
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oxygen may cause brain damage (West, 1985).

Hyperbaric Oxygen Safety

Clinical and experimental experiences suggest oxygen

under increased pressure is a relatively safe therapeutic

tool. Exposure to oxygen at 3 ATA for two hours (compression

and decompression time included) seldom had adverse effects,

although occasionally oxygen treatments had to be stopped

earlier (Bean, 1964).

In a report of the Ad Hoc Committee on Hyperbaric

Oxygenation, it is claimed that approximately 5% of the

population cannot successfully equalize pressures (Ad Hoc

Committee, 1963; Meijne, 1970). It was found that out of

2,000 qualified submarine personnel, 10% to 15% were unable

to tolerate pressure in excess of 5 pounds per square inch

(Behnke, 1940).

A report states that of 1,839 persons subjected to

pressure tests in a hyperbaric oxygen chamber, 171 (9.3%)

were rejected due to inability to equalize pressure in the

middle ear and paranasal sinuses (Paulev, 1965).

There are specific dangers to which the treatment

subjects are exposed. The appendix of this paper includes a

2 page disclosure sheet from the hospital administering the

hyperbaric oxygen treatments. This disclosure includes the

possible problems relative to hyperbaric oxygen treatment.
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End admonishes that an oxygen pressure of 3 atmospheres

absolute is the maximum to which the body can be subjected

safely for any considerable length of time (End, 1942). The

inhalation of oxygen at 4 ATA is dangerous, but again, is

safe at 3 ATA for up to 3 hours (Shaw, 1936; Behnke, 1937),

and for correspondingly longer periods at lower pressures

(End, 1942).

Meijne also suggests hyperbaric oxygen chamber pressures

up to 3 ATA appear to be completely safe for experienced

workers to perform even difficult procedures. Most clinical

studies are performed at 3 ATA. Long-lasting exposure to this

oxygen pressure is tolerated under certain conditions, for

example, deep anesthesia and hyperventilation, for up to 4

hours. After this period, biochemical signs of hyperoxic

anoxia start (Meijne, 1970).

Jain adds that hyperbaric oxygen toxicity is rare in

clinical practice with pressures below 2 ATA. Using

pressures not exceeding 2 ATA, not a single case of oxygen

toxicity has been observed in over 70,000 HBO sessions which

included 2,000 patients.

The term "oxygen poison " is misleading and imprecise

because the oxygen molecule in itself is not toxic. The term

"oxygen toxicity," therefore refers to the action of oxygen

application which is injurious to the health of the organism

being treated (Jain, 1989).

Hemoglobin normally functions in another
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transportational system by combining carbon dioxide to form

carbomino-hemoglobin. Note, this process proceeds as

oxyhemoglobin is reduced and is dependent upon the

availability of reduced hemoglobin. When the later remains

completely saturated, this transport mechanism for carbon

dioxide is impaired (Pittinger, 1966). The interference has

been suggested as a possible mechanism of oxygen toxicity,

an adverse pharmacologic effect of the gas (Bean, 1945).

The best precaution against oxygen toxicity is to avoid

exposure to 100% oxygen for prolonged periods (Jain, 1989).
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CHAPTER 3

DESIGN OF THE STUDY

This chapter discusses the procedures used in conducting

this single organism design research study on the effects of

hyperbaric oxygenation on the cognitive function of memory.

The following topics are described: (a) the purpose of

the study; (b) the methodology used; (c) population selection

criteria; (d) assignment of subjects to treatment; (e)

instrumentation of the hyperbaric chamber; (f) description of

the laboratory setting; (g) data collection; (h) procedures.

Purpose of the Study

The primary purpose of this study is to provide

additional information by replication of a portion of the

Jacobs experiment (1969) as recorded in the report

HYPEROXYGENATION EFFECTS ON COGNITIVE FUNCTIONING IN THE

AGED, conducted at the School of Medicine, State University

of New York and the Veterans ' Administration Hospital at

Buffalo, New York, as recorded in the New England Journal of

Medicine (1969). This study would become an additional

sample to allow a comparison with the Jacobs results.

Specifically, the statement of the problem is: when

oxygen is supplied under pressure to the cortical tissues of
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the brain, does this increasing of oxygenation of the brain

improve the cognitive function of increased memory as it

relates to learning?

The Methodology Used

The methodology will include a single organism design,

and will incorporate a multiple baseline involving subjects

and will chart any change regarding memory behavior. The

pretest and post-test measures will be used to compare

ability and performance changes, if any, and will include

replication to strengthen its external validity. The between

mean measurement will be applied to this study.

The use of hyperbaric oxygen acting as a probable

stimulus to increase the cognitive function of memory is

identified as the ( independent variable in this experiment.

Prior research by Jacobs in 1969 validates its use as an

effective treatment and the compiled results of that

experiment reflected an improvement of the cognitive function

of memory.

The dependent variable included measurements to

determine the effect of hyperbaric oxygen treatments, and

were as follows: (1) giving the subjects a battery of six

pretests: (a) The Wechsler Memory Scale, (b) the Bender-

Gestalt Test from the Stanford-Binet Intelligence Scale,

Fourth Edition, 1986, (c) the Memory For Sentences Scale, (d)
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the Memory for Digits Scale, and (e) the Memory for Objects 
Scale. (2) The Post-test: (a) The Weschler Memory Scale, 

(b) the Bender-Gestalt Test, and from the Stanford-Binet Scale, 
Fourth Edition, 1986, (c) the Memory for Sentences Scale, (d) the 
Memory for Digits Scale, and (e) the Memory for Objects Scale. 

 

The population was selected from volunteers. 24 subjects were 
involved and none had any dramatic diseases or outstanding health 
problems.  

 

The two groups of twelve subjects each were chosen at random. 
Both groups were exposed to 2.5 atmospheres of pressure. Group 
one got extra oxygen inputted into HBO chamber, while group two 
got only normal air. They were both exposed to one hour at 2.5 
atmospheres. 

 

The HBO chamber used was self made and designed by the 
researcher. It was designed for three people at a time and could 
with stand three plus atmospheres.  

 

The study was carried out at 3960 Commerce Drive, Commerce City, 
Colorado, 1987 

 

The Results showed that there was no difference in memory 
stimulation from using extra oxygen or not. Both groups showed 
equal memory stimulation as expected with normal HBO treatment. 

 

There was also a phenomena of muscle development seen. There were 
three body builders in the study. They took extra amino acids 
supplements before the treatments. By accelerating the 
depressuring process we could expand nitrogen quite quickly. This 
could be used to push extra nitrogen into muscle development. The 
three body builders demonstrated astounding fast muscle 
development. This showed that the HBO device might have use in 
muscle development for bodybuilders.   
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