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FOREWORD 

 

The use of hyperbaric oxygen therapy (HBOT) for children with cerebral palsy (CP) dates back to the 
1980s. Since then, several researchers and clinicians have published the outcomes of their studies on the 
contribution of HBOT to improving the functional status of these children. In 2000, the Conseil d’évaluation 
des technologies de la santé (CETS) published a report on the use of HBOT in Québec, identifying its 
recognized indications. According to that report, the lack of good-quality scientific evidence precluded any 
conclusions about the real effects of this technology for the treatment of CP. 
 
Nevertheless, some of the published studies and the positive experience of parents whose children with CP 
had undergone HBOT sessions outside Québec raised high hopes among other parents in Québec. Their 
lobbying efforts led the Ministère de la Santé et des Services Sociaux to set up a randomized controlled trial 
in 1999 to help shed greater scientific light on the efficacy of HBOT in the treatment of CP. The outcomes 
of that multicentre trial were published in The Lancet in 2001 and showed significant improvements that 
were similar in the two groups of children (experimental and control) in terms of motor function, 
neuropsychological functions, language and speech, and functional performance. Although the researchers 
concluded that hyperbaric medicine was not effective, that interpretation of the outcomes was far from 
unanimous and led to considerable controversy. 
 
Parents of children with cerebral palsy and health professionals in Québec have lobbied members of the 
National Assembly and the news media to have the clinical utility of HBOT recognized for the management 
of CP. This was the context in which the Minister of Health and Social Services asked AETMIS to update 
the 2000 report by giving special consideration to cerebral palsy. The minister wanted to find out, in 
particular, if recent clinical research studies had yielded results on the efficacy of HBOT in the treatment of 
this disorder. A more complete update would also identify the full range of medical conditions for which 
HBOT appears to be indicated. 
 
This initial report deals only with the place of hyperbaric oxygen therapy in the management of cerebral 
palsy. The importance of the stakes involved in this particular issue justify such an approach. The other 
indications are the subject of parallel studies by AETMIS, the outcomes and conclusions of which will be 
published subsequently in a separate report. 
 
Juan Robert Iglesias, MD, MSc,  
President and Chief Executive Officer 
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EXECUTIVE SUMMARY 

 

Cerebral palsy (CP) is an incurable disorder affecting more than 2000 children in Québec. The 
management of CP is multidisciplinary in nature and generally aims at improving muscle function, joint 
mobility and verbal skills, along with orthopedic corrections. This disorder imposes considerable 
responsibilities on parents, which contributes to their interest in different approaches, including hyperbaric 
oxygen therapy (HBOT). 
 
Although some studies, of poor quality for the most part, have suggested improvements in motor and 
cognitive functions associated with HBOT, doubts have remained as to its effectiveness. A randomized 
controlled trial conducted in Québec in 2000 attempted to dispel this uncertainty, but the interpretation of its 
outcomes instead gave rise to considerable controversy. In fact, similar improvements in the subjects’ 
functional parameters were observed both in the control group, given pressurized air, and in the 
experimental group, given 100% oxygen in a hyperbaric setting. The few research studies that have been 
published after the Québec trial have not managed to shed greater light on this issue. 
 
After the current assessment, consisting of a rigorous and exhaustive review of the scientific literature and 
an in-depth examination of the contextual issues surrounding this matter, AETMIS concludes that: 
 
▪ The efficacy of hyperbaric oxygen therapy for the treatment of cerebral palsy has not been scientifically 

demonstrated to date, and uncertainty persists. 
 
▪ Given this lack of scientific demonstration, the procedure must remain experimental for the time being. 
 
▪ The outcomes of the Québec study published in 2001 indicate, however, that hyperbaric oxygen therapy 

for children with CP is possibly associated with significant improvements in motor function, 
neuropsychological functions, language and speech, and functional performance. 

 
▪ Other well-designed controlled studies must be conducted, in addition to the U.S. studies already 

underway, to supply a definitive answer to the question of the efficacy of HBOT for the treatment of CP. 
 
It is therefore recommended that: 
 

To dispel uncertainty, 

 
▪ the efficacy of hyperbaric oxygen therapy in the management of CP should be the subject of a new 

research study in Québec, to be funded as a joint Canadian or international project; 
 
▪ granting agencies should encourage and pursue rigorous studies on the epidemiology of cerebral palsy, 

as well as on the needs of children with CP and issues related to their care, in conjunction with key 
stakeholders and representatives of these children’s parents; 

 
▪ the U.S. and international studies in progress should be closely monitored, and their outcomes and 

implications should be rigorously assessed; 
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To optimize safety, 

 
▪ the use of hyperbaric oxygen therapy for the medical management of CP should be limited to formal 

research projects; 
 
▪ physicians treating children with cerebral palsy should inform parents wishing to use HBOT of the 

unrecognized status of this treatment and of the means to be taken to minimize its risks. 
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SUMMARY 

Introduction 

Hyperbaric oxygen therapy (HBOT) is a treatment modality whereby patients breathe 100% 
oxygen intermittently while inside a chamber in which the pressure is greater than that at sea 
level. The use of HBOT for children with cerebral palsy (CP) dates back to the 1980s and 
has led to considerable controversy, which is still ongoing. In the wake of this controversy, 
parents of children with CP and health professionals in Québec have lobbied members of the 
National Assembly, the news media and Internet users in a bid to have the clinical utility of 
HBOT recognized for the management of CP.  

In this context, the Minister of Health and Social Services asked the Agence d’évaluation 
des technologies et des modes d’intervention en santé (AETMIS) to review the current state 
of knowledge about HBOT and its potential contribution to the management of CP. In the 
letter of request, the Minister recalled that, in its 2000 report on HBOT in general, the 
Conseil d’évaluation des technologies de la santé (CETS, predecessor of AETMIS) did not 
classify CP as one of the recognized indications for HBOT and that the CETS emphasized 
the need to obtain a clearer understanding of available scientific evidence, or to initiate new 
research studies. 

Hyperbaric Oxygen Therapy 

Hyperbaric oxygen therapy (HBOT) is recognized today for the treatment of 13 medical 
conditions: gas embolism; carbon monoxide poisoning; gas gangrene (clostridial 
myonecrosis); crush injuries, compartment syndrome and other acute traumatic ischemias; 
decompression sickness; problem wounds (non-healing or slow-healing, chronic or 
refractory); anemia resulting from exceptional blood loss; intracranial abscesses; necrotizing 
soft-tissue infections; refractory osteomyelitis; osteoradionecrosis and soft-tissue 
radionecrosis; compromised skin grafts and flaps; and thermal burns. For these conditions, 
100% oxygen is generally compressed at pressures from 2 to 3 atmospheres absolute (ATA). 
However, the pressures used to treat neurological disorders, including cerebral palsy, do not 
exceed 2 ATA for durations ranging from 40 to 60 minutes, for 40 sessions, the pressure 
generally being around 1.5 ATA. 

Some have proposed an alternate definition to that mentioned in the introduction above, 
whereby HBOT involves using a pressure greater than 1 ATA, but without specifying the 
oxygen concentration required to treat certain conditions or its mechanisms of action. This 
alternative definition, however, has not been the subject of in-depth study, let alone 
consensus. 

There are two types of hyperbaric chambers: monoplace and multiplace. The choice of 
chamber depends on the need and the conditions to be treated. HBOT is recognized as a 
generally safe procedure with few contraindications. Some risks must nevertheless be taken 
into consideration during use. These risks are grouped into four major categories: those due 
to hyperpressure for certain organs such as the middle ear, inner ear, sinuses, lungs, and 
teeth; the risk of oxygen toxicity; the risks of explosion; and those of fire. Of these 
complications, barotrauma of the middle ear is the most frequent. 

Cerebral Palsy 

Cerebral palsy describes a group of disorders of the development of movement and posture, 
causing activity limitation, and attributed to non-progressive disturbances that occurred in 
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the developing fetal or infant brain. The motor disorders of cerebral palsy are often 
accompanied by disturbances of sensation, cognition, communication, perception and/or 
behaviour, and/or by a seizure disorder. 

Four major classifications are proposed in the literature, depending on the type or physical 
location of the impairment. The most common classifies CP in three groups: spastic, 
extrapyramidal and hypotonic. According to the National Institute of Neurological Disorders 
and Stroke (NINDS), the spastic form is the most frequent, affecting between 70% and 80% 
of patients with CP. 

The causes of CP are multifactorial and may occur during the prenatal (including 
preconceptional), perinatal or postnatal period. The three greatest risk factors appear to be 
low birth weight, intra-uterine infections and multiple pregnancy. The pathophysiological 
mechanisms cited to explain the onset of CP during the prenatal period relate especially to 
windows of vulnerability, one affecting the periventricular white matter of the brain between 
26 and 34 weeks of gestation, and the other affecting the basal ganglia in the fetal brain 
between 38 and 40 weeks of gestation. The clinical manifestations resulting from the 
neurological deficits depend on the extent and type of brain damage, the site of irreversible 
damage and the ability of the central nervous system to adapt and reorganize itself after the 
onset of damage. 

The United Cerebral Palsy Association (UCP) estimates that 500,000 people have CP in the 
United States. By extrapolation, this prevalence would be on the order of 55,000 in Canada, 
and roughly 13,700 in Québec. However, owing to the lack of reliable data, our consultation 
of clinicians in Québec regarding the number of people with CP did not yield a consensus, 
but most estimated that between 2000 and 2500 children have CP. 

Since motor deficit is the central element of the definition of CP, motor function is the main 
variable of clinical interest. The Gross Motor Function Measure (GMFM) is the most 
common measurement instrument used to assess the motor condition of children with CP, 
and to monitor its progression and development in a clinical or research context. Since CP 
also affects children’s daily living activities and cognitive functioning, two other validated 
tests are used to assess these dimensions: the Pediatric Evaluation of Disability Inventory 
(PEDI) and the Test of Variables of Attention (TOVA). 

The management of children with CP aims to decrease the functional consequences of the 
disorder in all aspects related to brain function. As a result, it must be carried out by a team 
of specialists from various disciplines: a pediatrician, a pediatric physiatrist or pediatric 
neurologist, an orthopedist, a physiotherapist, a speech therapist, a dietician, a social worker, 
an educator, and so forth. Some authors believe that early and structured management 
allows the child to gain appreciable benefits. 

Efficacy of HBOT in the Management of Cerebral Palsy 

Several hypotheses have been proposed in an attempt to explain the possible effects of 
HBOT in children with CP. A first hypothesis is based on “idling cells” that could be 
activated by certain stimuli, such as higher doses of oxygen. A second hypothesis, synaptic 
reorganization leading to the restoration of impaired nervous pathways, leaves little room 
for HBOT. A third hypothesis is based on stem cells. These cells would initially be 
mobilized following an ischemic insult and this mobilization could be accelerated through 
administration of HBOT. 

Since these hypotheses are not actually connected to the acute and chronic 
pathophysiological processes associated with CP, evidence for the efficacy of HBOT must 
be based not on biological plausibility but, above all, on the outcomes of clinical trials. 
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Examination of the literature on the efficacy of HBOT in the management of CP reveals 
that: 

 the scientific literature can be divided into two categories: clinical trials measuring the 
effects of HBOT on patients with CP, and literature reviews (systematic or narrative); 

 there are few clinical trials measuring the effects of HBOT on patients with CP and they 
are repeatedly cited in the literature reviews; 

 among the literature reviews, that by the Agency for Healthcare Research and Quality 
(AHRQ) on the effectiveness of the use of HBOT for brain trauma (that is, brain injury, 
CP and stroke) published in 2003 is the most recent rigorous and thorough analysis of the 
question. 

 
The use of HBOT in the management of CP is relatively recent. Five before–after 
observational studies, without control groups, were published between 1989 and 2002 and 
showed improvements in the children’s condition with respect to several clinical parameters, 
especially motor function. These studies raised the possibility, in the scientific community, 
that HBOT might be effective for treating CP, but did not demonstrate such effectiveness. 

This was the context in which two controlled clinical trials were conducted in 2000 and 
2001. The first was conducted in New York in 2000 (the Cornell Study) and was the subject 
of only a brief summary. The author noted no significant difference in GMFM scores 
between the experimental and control groups, but the parents involved in the study observed 
a level of improvement in some functions, including motor skills. 

The second randomized controlled trial was conducted in Québec with a group of 
111 children. The outcomes of this trial were published by Collet et al. in 2001 and by 
Hardy et al. in 2002. The authors reported no significant difference between the 
experimental and control groups. They observed equivalent improvement in the two groups 
in terms of the four dimensions evaluated: motor function, some neuropsychological 
functions, including memory and attention, language and speech, and functional 
performance. The improvements in motor function were substantial and at the same level as 
those obtained through intensive physiotherapy. 

These results provoked considerable controversy, with some maintaining that the 
improvements were caused by a participation effect tied to the extra attention and care 
offered to the two groups, and others believing that these improvements were attributable to 
“hyperbaric oxygenation.” The latter maintained that the control group was also technically 
exposed to a form of “hyperbaric oxygenation therapy,” considering that the children in that 
group received air at 1.3 ATA, which would be equivalent to an oxygen concentration of 
roughly 28%. 

All the research studies mentioned above, except one in Spanish and another led by the U.S. 
Army Medical Corps in 2002, were taken into account in the AHRQ systematic review 
published in 2003. This review, carried out in accordance with strict standards, concluded 
that there was no scientific evidence supporting the effectiveness of HBOT for treating 
children with CP. It also concluded that uncertainty persisted about this treatment and that 
further studies were required. 

Since the AHRQ review, 18 narrative reviews on different topics related to CP, published as 
recently as 2006, have converged toward the same conclusion. Another randomized 
controlled trial was published in 2003 by Sethi and Mukherjee. This study concluded that 
HBOT associated with occupational therapy and physiotherapy was effective in improving 
the motor skills of children with CP. However, the authors themselves pointed out the 
limitations of their trial, and other methodological weaknesses lead this study to be 
considered of poor quality. 
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Two U.S. studies are currently in progress: these are randomized controlled trials studying 
questions that have already been raised. The first is being conducted by the Children’s 
Medical Center of Dayton and is funded by the U.S. Department of Defense. The second is 
being run by the UCLA/Orthopaedic Hospital Center for Cerebral Palsy in U.S.A. and has 
been recruiting subjects since March 2006. 

Clinical researchers are pursuing their work in this area. For example, the outcomes of a 
before–after observational study of 118 Québec children with CP treated with HBOT were 
presented at the 5th International Symposium on Hyperbaric Oxygenation held in July 2006 
in Fort Lauderdale, Florida. The results suggest significant improvements in motor skills, 
but remain difficult to interpret, especially because of the lack of a control group. 

Official Positions of Organizations and Third-Party Payers 

The official positions of recognized and credible organizations on the use of hyperbaric 
oxygen as a therapeutic modality for CP may be summarized as follows. For the Undersea 
and Hyperbaric Medical Society (UHMS), CP is not an indication for HBOT according to 
the society’s 2003 publications and the information available on its Web site. The United 
Cerebral Palsy Association (UCP) indicates that current scientific evidence does not allow a 
conclusion as to whether or not this therapy contributes to improving neurological status, 
and further investigations are required. In addition, the guide published on the site of the 
Ontario Federation for Cerebral Palsy does not deal with HBOT as a treatment for CP. 

None of the Canadian provincial health insurance plans that AETMIS was able to consult 
(i.e., Alberta, British Columbia, Ontario, and Newfoundland and Labrador) include cerebral 
palsy as one of the medical conditions for which HBOT is reimbursed. The same is true for 
Medicare in the U.S.A., which does not include cerebral palsy as an indication for which 
HBOT is covered. Blue Cross and Blue Shield Association Health Insurance (BCBS), Aetna 
and CIGNA consider HBOT to be an experimental technology for cerebral palsy, and thus 
do not cover HBOT for this medical condition. 

However, with respect to the United States, a recent court decision in Georgia ruled that a 
beneficiary with CP insured under Medicaid, the government-funded health insurance plan, 
was entitled to be reimbursed for all HBOT sessions received. In its conclusions, the 
Superior Court, basing itself on the ruling of the Georgia Appeals Court in this same matter, 
recalled that, pursuant to the requirements of the law (U.S. Code 42, section 1396d), the 
beneficiary was not obliged to prove that HBOT is a generally accepted medical practice or 
that it corresponds to the definition of “medical necessity” used by Medicare, but that it was 
sufficient to prove that it improves or corrects the beneficiary’s medical condition. 

Legal Framework 

The act of using a hyperbaric chamber for the purpose of treating a disease in Quebec does 
not fall under the jurisdiction of Health Canada but of the Collège des médecins du Québec, 
in accordance with the powers vested in the Collège by the Québec Medical Act. Under the 
Code of Ethics of Physicians (Professional Code), physicians are obliged to offer their 
patients all the treatments required by their health condition, insofar as these treatments are 
recognized by the medical profession. Nevertheless, patients remain free to undergo 
unrecognized treatments. Given that HBOT for cerebral palsy is not a recognized treatment, 
physicians cannot prescribe it for the time being. This excludes the case of research studies, 
insofar as they have protocols duly approved by a research ethics committee. 

Given that patients or their parents, in the case of minors, maintain their freedom regarding 
the therapeutic decisions that concern them, they are not forbidden to acquire and use a 
hyperbaric chamber. In such cases, physicians have the duty to inform their patients or the 
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parents about unrecognized treatments, and they must also provide all the necessary care, if 
required. But what about third-party administration of HBOT? In accordance with the 
Québec Medical Act, whether a treatment is recognized or not, if there is a risk of harm for a 
patient, it may not be administered by a third party. In this case, the Collège des médecins 
may intervene to put a halt to such practice. 

Conclusions and Recommendations 

The literature review conducted leads AETMIS to the following conclusions: 

 The efficacy of HBOT for the treatment of cerebral palsy has thus far not been 
scientifically demonstrated, and uncertainty persists. 

 Given this lack of scientific demonstration, the procedure must remain experimental 
for the time being. 

 The outcomes of the randomized clinical trial conducted in Québec indicate, 
however, that hyperbaric oxygen therapy for children with CP is possibly associated 
with significant improvements in motor function, neuropsychological functions, 
language and speech, and functional performance. 

 Other well-designed controlled studies must be conducted, in addition to the U.S. 
studies already underway, to supply a definitive answer to the question of the 
efficacy of HBOT for the treatment of cerebral palsy. 

The consideration of these conclusions in light of contextual information leads to the 
following recommendations, which take into account the situation as a whole: 

To dispel uncertainty 

AETMIS considers that further research is necessary for the following reasons: uncertainty 
persists about the efficacy of HBOT in the management of CP; the outcomes of most of the 
observational and controlled studies on this issue converge; medical imaging techniques are 
now available to better document the presence of clinical outcomes; the U.S. studies now in 
progress will not be able to answer all the questions raised; and finally, this technology 
raises high hopes among parents of children with CP. 

Recommendation 1: It is recommended that the efficacy of HBOT in the management of CP 
be the subject of a newly funded research project. In this research study, a number of 
aspects should be considered: 

a)  the research project should be a multicentre randomized controlled trial, ideally 
conducted as a joint international or Canadian study; 

b)  the research should be placed under the scientific direction of a research group 
recognized for its objectivity, experience and expertise; 

c)  the research group responsible for the study should work in conjunction with 
experts in the fields of hyperbaric oxygen therapy, cerebral palsy and research 
methodology, acting as an advisory group, in order to agree on the conditions that 
are essential for the success of the investigation, including the type of study design, 
the dose(s) of hyperbaric oxygen, the methods to preserve blinding, requisite 
clinical variables, measurement instruments, and so forth. This advisory group 
should take part in interpreting the data; 

d)  the controversies surrounding the question should motivate researchers to identify 
the effects of the following variables in the research study: 1) hyperbaric therapy 
(increase in pressure) and oxygen therapy (increase in proportion of inhaled 
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oxygen); 2) hyperbaric therapy alone; 3) oxygen therapy alone: 4) normobaric1 
conditions and ambient air; and 5) study participation effect; 

e)  the variables and measurement instruments should be validated and should evaluate 
not only gross motor function (GMFM) and neurocognitive functions, but also 
spasticity and changes in brain tissue documented by medical imaging techniques; 
and 

f)  a sufficient budget should be granted to meet all the conditions raised. 

Moreover, given that in Québec there are limited data on the epidemiology of CP and on the 
needs of pediatric patients and the implications for the care and services offered to them: 

Recommendation 2: It is recommended that granting agencies encourage and pursue 
rigorous research on the epidemiology of CP, as well as on the needs of children with CP 
and on issues related to their care. This research should be done in conjunction with key 
stakeholders and representatives of the parents of children with CP. 

Finally, the research studies in progress in the United States and elsewhere should be 
carefully monitored to better position Québec’s research initiatives in this area, but also to 
be able to put their applications to use in a timely manner. 

Recommendation 3: It is recommended that the U.S. and international studies in progress 
be closely monitored and their outcomes and implications be rigorously assessed; 

To optimize safety 

While waiting for research to shed greater light on this issue, some parents will continue to 
make use of HBOT in the hope of seeing improvements in their children’s condition, and 
some clinicians, convinced of the effectiveness of HBOT in the management of CP, will 
want their patients to benefit from its expected effects. Such decisions must follow certain 
guidelines. The following recommendations comply with the position statement issued by 
the Collège des médecins du Québec with regard to unrecognized treatments: 

Recommendation 4: It is recommended that HBOT not be generally prescribed by 
physicians, except in the case of a formal research project; and 

Recommendation 5: It is recommended that physicians treating children with CP inform 
parents wishing to use HBOT of the unrecognized status of this treatment modality, and how 
to minimize its associated risks. 

 
 

                                                                                    
1. Related to normal atmospheric pressure. 
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ABBREVIATIONS AND ACRONYMS 
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GLOSSARY 

 
Angiogenesis 

Development of the vessels [Dorland, 1985]. 
 
Athetoid paralysis 
 Paralysis due to injury to the basal ganglia. 
 
Barotrauma 
 Injury caused by changes in pressure. 
 
Cognitive 
 Relating to knowledge and mental faculties. 
 
Control group  
 Group of subjects that acts as a comparator for one or more experimental interventions. Controls may 

receive placebo, no treatment, standard treatment, or an active intervention, such as a standard drug.2 
 
Diplegia  
 Paralysis affecting like parts on both sides of the body; bilateral paralysis [Dorland, 1985]. 
 
Experimental group 
  Group of subjects receiving the treatment or intervention during a scientific research study [Fortin, 

1996. [free translation]. 
 
Extrapyramidal paralysis 
 Paralysis affecting the extrapyramidal system (see “extrapyramidal system”). 
 
Extrapyramidal system  
 A functional, rather than anatomical, unit comprising the nuclei and fibers (excluding those of the 

pyramidal tract) involved in motor activities; they control and coordinate especially the postural, static, 
supporting, and locomotor mechanisms [Dorland, 1985]. 

 
Hemiplegia 
 Paralysis of one side of the body [Dorland, 1985]. 
 
Incidence 
 The rate of occurrence of new cases of a disease or condition in a population at risk during a given 

period of time, usually one year.3  
 
Leukomalacia 
  Necrosis of the white matter of the brain adjacent to the lateral ventricles in the brain as a result of 

cerebral hypoxia [Dorland, 1985]. 
 
Narrative review 
 A review that does not specify the source of the information nor performs a standardised assessment of 

the methodological quality of studies [Egger et al., 2001].  
 
                                                                                    
2. Adapted from The Cochrane Collaboration. Cochrane Collaboration Glossary. http://www.cochrane.org/resources/glossary.htm. 
3. INAHTA. Health Technology Assessment (HTA) Glossary, 2006. http://www.rspor.ru/mods/institute/Glossary.pdf. 



   xvi 

Observational study 
 A study in which the investigators do not manipulate the use of, or deliver, an intervention (e.g. do not 

assign patients to treatment and control groups), but only observe patients who are (and sometimes 
patients who are not as a basis of comparison) exposed to the intervention, and interpret the outcomes. 
These studies are more subject to selection bias than experimental studies such as randomized controlled 
trials.4 

 
Paraplegia 
 Paralysis of the legs and lower part of the body [Dorland, 1985]. 
 
Prevalence 
 The number of people in a population with a specific disease or condition at a given time, usually 

expressed as a proportion of the number of affected people to the total population.5  
 
Pyramidal tract  
 Also called pyramidal motor system and corticospinal tract; any of the important motor nerves on each 

side of the central nervous system that run from the sensorimotor areas of the cortex through the 
brainstem to motor neurons of the cranial nerve nuclei and the ventral root of the spinal cord.6 

 
Quadriplegia 
 Paralysis of all four limbs [Dorland, 1985]. 
 
Randomized controlled trial (RCT) 
  Study of a treatment, in which the study population is randomly assigned to an experimental group 

(treatment group) or a control group. RCTs are considered the best research method to test a hypothesis 
(adapted from Van Driel [2004]). 

 
Spastic paralysis 
 Paralysis marked by spasticity of the muscles of the paralyzed part and increased tendon reflexes 

[Dorland, 1985]. 
 
Spasticity 
  A state of hypertonicity, or increase over the normal tone of a muscle, with heightened deep tendon 

reflexes [Dorland, 1985]. 
 
Stem cells 
  Relatively undifferentiated cells that retain the ability to divide and proliferate throughout postnatal life 

to provide progenitor cells that can differentiate into specialized cells.7 
 
Systematic review 
 A review that has been prepared using a systematic approach to minimising biases and random errors 

[Egger et al., 2001]. 
 
White matter 
 The white nervous tissue, constituting the conducting portion of the brain and spinal cord, and 

composed mostly of myelinated nerve fibers [Dorland, 1985]. 
 

                                                                                    
4. Source: INAHTA. Health Technology Assessment (HTA) Glossary, 2006. http://www.rspor.ru/mods/institute/Glossary.pdf. 
5. Source: INAHTA. Health Technology Assessment (HTA) Glossary, 2006. http://www.rspor.ru/mods/institute/Glossary.pdf. 
6. Source: WordNet – Princeton University Cognitive Science Laboratory, 2006. http://wordnet.princeton.edu/perl/webwn?s=corticospinal%20tract. 
7. Source: National Library of Medicine. http://www.nlm.nih.gov/cgi/mesh/2007/MB_cgi?mode=&term=Stem+Cells. 
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1 INTRODUCTION 

Hyperbaric oxygen therapy (HBOT) is a treatment modality whereby patients breathe 
100% oxygen intermittently while inside a chamber in which the air pressure is greater than 
that at sea level.8 Compressed air was first used for medical purposes in the 17th century in 
England, mainly to treat pulmonary and digestive problems [Jain, 2004]. This use actually 
preceded the identification of oxygen as a chemical element around 1775 [Kindwall and 
Whelan, 2004]. Compressed air began to be more widely used for the treatment of various 
ailments in France in the 19th century. It was only in the first half of the 20th century that 
HBOT started to be used for the treatment of scuba-diving accidents and decompression, or 
“caisson”, sickness [Jain, 2004]. 

Gradually, other indications were added, such that HBOT is recognized today for the 
treatment of the following 13 categories of conditions: gas embolism; carbon monoxide 
poisoning; gas gangrene (clostridial myonecrosis); crush injuries, compartment syndrome 
and other acute traumatic ischemias; decompression sickness; problem wounds (non-healing 
or slow-healing, chronic or refractory); anemia resulting from exceptional blood loss; 
intracranial abscesses; necrotizing soft-tissue infections; refractory osteomyelitis; 
osteoradionecrosis and soft-tissue radionecrosis; compromised skin grafts and flaps; and 
thermal burns [Feldmeier, 2003]. 

The use of HBOT for children with cerebral palsy (CP) dates back to the 1980s. At that time 
it was used relatively frequently in Russia for the management of infants in respiratory 
distress or presenting with brain trauma [Neubauer et al., in Jain, 2004]. Since then, a 
limited number of observational studies on the efficacy of HBOT in the management of CP 
have been reported in the literature. 

The use of HBOT in the care for children with CP has provoked considerable controversy 
[Harch, 2004], which is still ongoing. In the wake of this controversy, parents of children 
with CP and health professionals in Québec have lobbied members of the National 
Assembly, the news media and Internet users in a bid to have the clinical utility of HBOT 
recognized for the management of CP. It was in this context that the Minister of Health and 
Social Services asked the Agence d’évaluation des technologies et des modes d’intervention 
en santé (AETMIS) to review the current state of knowledge about HBOT and CP. The 
Minister wanted to find out, in particular, if clinical research studies conducted thus far had 
yielded results on the efficacy of HBOT in the management of this disorder.  

In the letter of request, the Minister recalled that, in its 2000 report on HBOT, the Conseil 
d’évaluation des technologies de la santé (CETS, predecessor of AETMIS) emphasized that 
the interpretation of some of the evidence on its use for children with CP had raised 
questions, and that further research could be conducted if required. The Minister also 
wanted to know about the efficacy of HBOT in the case of autism. Finally, the Minister also 
asked that the full range of medical conditions for which HBOT is indicated be identified. 

The current report deals with the place of HBOT in the management of CP. The evaluation 
aims to answer the assessment question asked, without claiming to be a comprehensive 
account of cerebral palsy or of HBOT. The importance of the stakes involved in this 
particular issue justify such an approach. AETMIS shortly plans to publish a separate report 
on the other indications for which the Minister requested clarification. These are the subject 
of parallel studies, the outcomes and conclusions of which will be published subsequently 
by AETMIS. 

                                                                                    
8. Feldmeier, 2003, p. 1. 
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2 METHODOLOGY 

To examine the evaluation questions posed, an exhaustive review of the scientific and grey 
literature was conducted, and consultation was carried out with medical practitioners, 
experts and other stakeholders involved in CP and HBOT. 

2.1 Scientific literature review 

The following databases were searched: Cinahl, Dissertation Abstracts, Current Contents, 
Cochrane Library, Psychological Abstracts, PubMed, Embase and World of Science. The 
systematic search focused chiefly on documents published in English and French9 up until 
April 2006. The following keywords, alone or in combination, were used in French and 
English: cerebral palsy, treatment, hyperbaric oxygen therapy, GMFM,10 review, meta-
analysis, systematic review, randomized controlled trial, and clinical trial. The content of 
various Web sites and recognized journals such as Developmental Medicine & Child 
Neurology were hand searched. A scientific literature watch was then conducted until 
December 2006. 

The main inclusion criterion was that an article should deal with HBOT and CP. This 
criterion applied equally to scientific articles and literature reviews. For patient research 
studies, the variables considered were primarily study design, sample size, and the clinical, 
physical and physiological outcome measures under investigation. This process allowed us 
to retrieve 26 articles dealing with the effects of HBOT in children with CP. More than 70 
other articles covering aspects of CP (definition, classifications, etiology, etc.) or HBOT 
were also taken into account. The literature review process was conducted independently by 
the two main authors, who later discussed their individual evaluations. 

Four recent and respected reference books on HBOT, including two textbooks, were widely 
consulted. These include that by Feldmeier [2003], written for the Undersea and Hyperbaric 
Medical Society (UHMS), and books by Joiner [2002], Jain [2004], and Kindwall and 
Whelan [2004]. The last of these has been described as the most comprehensive book in the 
field by representatives from the Ontario Medical Association Section on Hyperbaric 
Medicine [Sosiak and Evans, 2005]. 

Although numerous Web sites deal with this issue, only those sites recognized by experts in 
the field were selected. Examples include the sites of the Undersea and Hyperbaric Medical 
Society (UHMS)11, the National Institute of Neurological Disorders and Stroke (NINDS)12 
and the United Cerebral Palsy Association (UCP).13 

Appendix A outlines the literature search strategy that was adopted. 

2.2 Examination of complementary documents 

Documents from Web sites of organizations outside the scientific field were consulted in 
order to shed light on the context surrounding the current assessment request. In particular, 

                                                                                    
9. Three references in Spanish were retained: Papazian and Alfonso [2003]; Cordoba-Cabeza et al. [1998]; and Instituto 
Efectividad Clínica y Sanitaria [2006]. 
10. Gross Motor Function Measure. 
11. http://www.uhms.org/Publications/publicat.htm (accessed on September 26, 2006). 
12. http://wwwfininds finih.gov/disorders/cerebral_palsy/cerebral_palsy.htm (accessed on July 18, 2006). 
13. http://www.ucp.org/ and http://www.healing-arts.org/children/hyperbaric.htm (accessed on September 22, 2006). 
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the policies for reimbursing HBOT for CP adopted by third-party payers in other provinces 
or countries were examined. The records of the Québec National Assembly debates on the 
issue of HBOT and CP were also consulted. 

2.3 Key stakeholder consultation 

To be able to better establish the scientific and decision-making context surrounding the use 
of HBOT in the management of CP in Québec, meetings were carried out with medical 
practitioners, experts in HBOT and CP, and representatives of organizations concerned with 
the issue. A list of those consulted can be found in Appendix B. 

Individual meetings lasting from one to three hours were held, most of which were face-to-
face, with some over the telephone. Some of these meetings took place in centres or clinics 
with HBOT facilities, two of which were public and one being private. A discussion guide 
prepared by AETMIS was submitted at the beginning of each meeting. During these 
consultations, the particular issue of the parents’ perspective was raised and discussed. This 
topic was discussed more thoroughly with a highly committed parent whose name had been 
mentioned during an earlier meeting. 
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3 HYPERBARIC OXYGEN THERAPY (HBOT) 

3.1 Definition 

The UHMS Hyperbaric Oxygen Therapy Committee defines hyperbaric oxygen therapy as 
follows: the patient breathes 100% oxygen intermittently while the pressure of the treatment 
chamber is increased to greater than one atmosphere absolute (ATA) [Feldmeier, 2003]. 
However, the UHMS Web site further states that current information indicates that 
pressurization should be at least 1.4 ATA.14 Harch and Neubauer have proposed an 
alternative definition such that HBOT would consist of “the use of greater than [one] 
atmospheric pressure to treat basic disease processes and their diseases,”15 without 
specifying either the oxygen concentration required to treat certain conditions or the 
mechanisms of action. This alternative definition, however, has not been the subject of  
in-depth study, let alone consensus. 

The pressures generally used to treat neurological conditions do not exceed 2 ATA for 
durations ranging from 40 to 60 minutes, for 40 sessions [Harch, 2004; Jain, 2004]. On the 
basis of a study by Holbach, Jain [2004, p. 19] considers that the optimum pressure for 
treating brain trauma is generally around 1.5 ATA. Moreover, for treating the 13 categories 
of conditions for which HBOT is recognized as effective by the UHMS, 100% oxygen is 
generally compressed to pressures varying between 2 and 3 ATA [Feldmeier, 2003]. 

3.2 Equipment 

There are two types of hyperbaric chambers: monoplace and multiplace. The choice of 
chamber depends on the need and the conditions to be treated. Multiplace chambers allow 
several patients to be treated at the same time, and patients can be assisted, if necessary, by a 
nurse, a physician or another person [Feldmeier, 2003]. These chambers have two or more 
compartments, allowing access to staff, patients and equipment, while pressure is 
maintained in the main compartment. Pressurization is achieved through compressed air, 
and only the patient breathes the 100% oxygen by means of a sealed mask, a hood or an 
endotracheal tube [Kindwall and Whelan, 2004; Feldmeier, 2003; CETS, 2000]. Monoplace 
chambers are pressurized with 100% oxygen, and do not permit direct access to the patient 
during treatment [Working Group “Safety”, 2004]. 

3.3 Security and safety 

Even if HBOT is generally recognized as safe in the literature [Al-Waili et al., 2005; Clark 
and Whelan, 2004; Hailey, 2003], several risks must be taken into account during use 
[Health Canada, 2005; Jain, 2004; Working Group “Safety”, 2004]. These risks can be 
divided into four major categories: 

1)  the risk of harm to certain organs due to hyperpressure: the middle ear, the inner ear, 
the sinuses, lungs, and teeth; 

2)  the risk of oxygen toxicity for the ears and central nervous system (causing 
convulsions); 

3)  the risk of explosion; 
4)  the risk of fire. 

                                                                                    
14. Source: http://www.uhms.org/Indications/indications.htm (accessed on January 9, 2007). 
15. Harch, 2004, p. 39. 
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3.3.1 Security 

The risk of explosion or rapid decompression due to loss of a chamber’s structural integrity 
is minimal in Canada because hyperbaric chambers must comply with Health Canada 
standards. If these standards are met and if the chamber is regularly maintained by a 
qualified team, the chamber can operate for several years without danger. Health Canada 
[2005] recommends a series of verification measures to protect patients undergoing HBOT 
in private clinics, specifically with respect to compliance with safety standards, operators’ 
level of training, availability of emergency procedures, and presence or availability of a 
certified hyperbaric physician. It goes without saying that these recommendations were 
made with respect to HBOT treatment for recognized indications. 

The risk of fire in a hyperbaric setting is substantial and real. The risk increases with oxygen 
pressure and concentration [Working Group “Safety”, 2004]. Hyperbaric oxygen 
practitioners can recall the accident at the Galeazzi orthopedic hospital in Milan in 1996 
where patients and a nurse perished in a fire that erupted in a multiplace hyperbaric chamber 
[Cali-Corleo, 1998]. The HBOT centres consulted by AETMIS have a list of criteria that 
must be scrupulously met by professionals and patients before any hyperbaric chamber can 
be used. 

3.3.2 Contraindications 

Although HBOT is recognized as a generally safe procedure, it presents a certain number of 
health risks [Nuthall et al., 2000]. According to Kindwall and Whelan [2004], the absolute 
contraindications are untreated pneumothorax16 and the use of medications such as some 
anticancer agents and disulfiram (Antabuse). According to the same authors, pregnancy, 
cancer and the use of a pacemaker were once considered absolute contraindications, but no 
scientific evidence supports these to date. The possibility that HBOT accelerates the growth 
of malignant tumours has not been confirmed in the literature published on the topic [Jain, 
2004; Kindwall and Whelan, 2004; Feldmeier, 2003]. As for the effect of HBOT on 
pregnancy, the lack of scientific data warrants caution [Jain, 2004]. 

Relative contraindications are the following [Jain, 2004; Kindwall and Whelan, 2004]: 

▪ History of chest surgery 
▪ History of spontaneous pneumothorax 
▪ History of optic neuritis 
▪ History of stapedectomy (surgery of the stapes for cases of otosclerosis) 
▪ Emphysema17 with CO2 retention 
▪ High fever (uncontrolled) 
▪ Pregnancy 
▪ Acute respiratory infection or chronic sinusitis 
▪ Viral infection 
▪ Asymptomatic lesion seen on lung X-ray 
▪ Congenital spherocytosis 
▪ Convulsions 

                                                                                    
16. Pneumothorax is “an accumulation of air or gas in the pleural space, which may occur spontaneously or as a result of 
trauma or a pathological process.” [Dorland, 1985]. 
17. “Emphysema is destruction of lung parenchyma leading to loss of elastic recoil and loss of alveolar septa and radial 
airway traction, which increases the tendency for airway collapse. Lung hyperinflation, airflow limitation, and air trapping 
follow. Airspaces enlarge and may eventually develop bullae.” Source: http://www.merck.com/mmpe/sec05/ch049/ 
ch049a.html. 
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3.3.3 Complications 

The major recognized complications are the following [Jain, 2004; Kindwall and Whelan, 
2004]: 

 Decompression accident 
 Barotrauma of the middle ear 
 Barotrauma of the lungs 
 Claustrophobia 
 Convulsions 
 Tooth pain 
 Sinus pain 
 Myopia and cataracts 

Of these complications, barotrauma of the middle ear is the most frequent [Muller-Bolla et 
al., 2006; Jain, 2004; Kindwall and Whelan, 2004; Feldmeier, 2003]. Muller-Bolla et al. 
[2006] reported on the side effects observed during the systematic follow-up at eight weeks 
of children in Québec who had participated in the randomized controlled trial (RCT) led by 
Collet et al. (see Section 5.2.2.2 for a more detailed description of this study). Only middle-
ear barotrauma was significantly more frequent in children in the experimental group than in 
the control group (50% vs 28%)18: sinus barotrauma was detected in 3.6% of the children in 
the experimental group, and no side effects linked to oxygen toxicity were observed. The 
authors believe that, in the conditions of this RCT, the HBOT sessions were generally well 
tolerated. 

 

                                                                                    
18. The children were all exposed to 40 one-hour sessions in either a monoplace or a multiplace chamber, at a pressure of 
1.75 ATA for the children in the experimental group and 1.3 ATA for those in the control group. 
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4 CEREBRAL PALSY 

4.1 Definition and classification 

Numerous definitions of cerebral palsy (PC) are proposed in the literature, according to the 
cause, clinical description of motor function, associated disability, age, and so forth [Nelson 
and Grether, 1999]. In 2000 and 2004, the European network of surveys and registers on 
cerebral palsy, Surveillance of Cerebral Palsy in Europe (SCPE), examined the problem of 
defining CP [Cans et al., 2004; SCPE, 2000]. The network reached the following consensus: 
“Cerebral palsy is a group of disorders; i.e., it is an umbrella term; it is permanent but not 
unchanging; it involves a disorder of movement and/or posture and motor function; it is due 
to a non-progressive interference/lesion/abnormality; this interference/lesion/abnormality is 
in the developing/immature brain.”19 

In April 2005, an executive committee composed of a group of experts working together to 
establish a definition of CP under the aegis of organizations such as the United Cerebral 
Palsy Association (UCP) and the National Institute of Neurological Disorders and Stroke 
(NINDS) in the United States proposed the following formulation: “CP describes a group of 
disorders of the development of movement and posture, causing activity limitation, that are 
attributed to non-progressive disturbances that occurred in the developing fetal or infant 
brain. The motor disorders of CP are often accompanied by disturbances of sensation, 
cognition, communication, perception and/or behaviour, and/or a seizure disorder.”20 
According to the same authors, the proposed definition covers a wide range of clinical 
presentations. It then became imperative to develop a classification system [Bax et al., 
2005]. 

Cerebral palsy can be classified according to the type or location of the impairment [Liptak 
and Accardo, 2004]. Four main classifications are proposed in the literature. The first, based 
on the type of primary motor deficit, is the most commonly used [Fennell and Dikel, 2001]. 
It classifies CP in three groups: 

1) spastic cerebral palsies 

2) extrapyramidal cerebral palsies 

3) hypotonic cerebral palsies 

 
The second classification is proposed by the National Institute of Neurological Disorders 
and Stroke and includes four categories based on the type of movement disorder [NINDS, 
2006]:  

1) spastic 

2) athetoid 

3) ataxic 

4) mixed forms 

According to this organization, the spastic form is the most frequent, affecting between 70% 
and 80% of patients with CP. It is characterized by pyramidal signs such as hypertonia at 
rest, abnormal and increased response to rapid stretch and hyperactive deep tendon reflexes 
with little or no involuntary movements [Amiel-Tison, 2004] [free translation]. This results 

                                                                                    
19. SPCE, 2000, pp. 818–819. 
20. Bax et al., 2005, p. 572. 
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in the shortening of myotendinous units, bone? deformity, and joint subluxation or 
dislocation [Koman et al., 2004]. 

The third classification, based on limb involvement, classifies the impairments as 
quadriplegia, triplegia, diplegia, hemiplegia and monoplegia [Koman et al., 2004; Liptak 
and Accardo, 2004; Lin, 2003; Murphy and Such-Neibar, 2003]. 

Finally, Bax et al. [2005] proposes a fourth classification that takes into account four 
components: motor abnormalities, non-motor impairments, anatomical and radiological 
abnormalities, and causation and timing of CP. 

4.2 Epidemiological data 

There seems to exist, a priori, some confusion between the terms “incidence” and 
“prevalence” in the literature on CP. Figures of 2.0 to 2.5 per 1000 live births refer 
sometimes to incidence and sometimes to prevalence [Odding et al., 2006; Sankar and 
Mundkur, 2005; Murphy and Such-Neibar, 2003; SCPE, 2002]. However, the UCP 
estimates the number of people with CP in the United States to be 500,000 from a 
population of 296,410,404.21 Projected onto the Canadian population of 32,623,490 
inhabitants,22 this prevalence would be in the order of 55,000 people in Canada. Given that 
Québec represents close to one quarter of the Canadian population, the number of people 
with CP in Québec would therefore be roughly 13,700. 

AETMIS’ consultation with clinicians in Québec regarding the number of people with CP 
did not yield a consensus, however. Some estimate the number of children with CP to be 
between 2000 and 2500. It is nevertheless estimated that in Québec, each year, there are 
approximately 150 new cases of CP among registered live births.23 The clinicians consulted 
agreed that there is a lack of reliable data in Québec in this regard and that the work being 
done by REPACQ (a Québec cerebral palsy registry on patients from six regions of the 
province) is an important step to fill this gap. 

Some authors have reported that the prevalence of CP has risen in the last 40 years [Odding 
et al., 2006]. Improved survival of preterm infants, who are at greater risk of CP (see 
Section 4.3), increases in the longevity of people with CP and a stable rate of incidence 
among term infants with normal weights are some explanations for this trend [Keogh and 
Badawi, 2006]. 

4.3 Etiology 

The causes of CP are multifactorial [NINDS, 2006; Lawson and Badawi, 2003] and may 
appear in the prenatal period (including the preconception period), the perinatal period or 
the postnatal period [Fennell and Dikel, 2001; Lawson and Badawi, 2003]. Following an 
exhaustive literature review, Odding et al. [2006] reached the conclusion that the three most 
important risk factors for CP are low birth weight, intra-uterine infections and multiple 
gestation. The different causes are listed in Appendix C. 

Numerous studies and reviews have established a close link between the incidence of CP, 
low birth weight and premature birth [Platt et al., 2007; Odding et al., 2006; Keogh and 
Badawi, 2006; NINDS, 2006; Meberg and Broch, 2004; Nelson, 2002]. The prevalence of 
CP is 1 out of 20 infants weighing fewer than 1500 grams at birth [Nelson, 1999]. However, 

                                                                                    
21. U.S. Census Bureau News [communication published August 4, 2006]. http://www.census.gov/Press-
Release/www/releases/archives/population/007263.html (accessed on October 3, 2006).  
22. Population estimated as of July 1, 2006, according to Statistics Canada [StatCan, 2006]. 
23. Dr. Michael Shevell, director of REPACQ, personal communication, October 16, 2006. 
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in newborns weighing 2.5 kg or more, the incidence is less than 1 in 1000 [Lawson and 
Badawi, 2003; Murphy and Such-Neibar, 2003]. The incidence of CP is greater in infants 
born before week 37 of gestation [NINDS, 2006]. 

These risk factors for CP are certainly important, but they are not the only ones. Other 
causes and risk factors have been suggested. Among those that apply to the preconception 
period are maternal neurological disorders, thyroid disease and infertility treatments. During 
the antepartum period, the factors mentioned are severe pre-eclampsia and bleeding during 
pregnancy. The mechanisms in question here, while uncertain, seem associated with or 
causal of fetal hypoxia. Multiple gestation, congenital malformations, genetic abnormalities, 
intra-uterine infections and blood disorders are also called into question. During labour, 
fever, acute events (premature separation of the placenta, uterine rupture or complications 
related to the umbilical cord), malposition (breech presentation) and other causes linked to 
hypoxia may be associated with an increased risk of CP. Finally, after birth, events such as 
jaundice, meningo-encephalitis, brain injury, stroke or near-drowning, and seizure disorders 
may be linked to CP. From 10 to 20% of children with CP are believed to have acquired it 
after birth [Lawson and Badawi, 2003; NINDS, 2006]. Scientific evidence has shown that 
these factors taken in isolation only rarely cause CP, whereas the association of several of 
these factors may contribute to its onset [Keogh and Badawi, 2006; Nelson, 2002]. 

4.4 Pathophysiology 

The pathophysiological mechanisms suggested to explain the onset of CP include four types 
of brain damage possibly causing its characteristic symptoms: damage to the white matter, 
abnormal brain development (cerebral dysgenesis), intracranial hemorrhage, and 
intrapartum asphyxia [NINDS, 2006]. Particular reference is made to a period of “selective 
vulnerability” in the periventricular white matter between 26 and 34 weeks of gestation, 
during which time damage to the fetal brain could produce periventricular leukomalacia 
[NINDS, 2006; Koman et al., 2004], the origin of spastic diplegia or quadriplegia through 
damage to the descending fibres from the motor cortex that traverse this region of cerebral 
white matter [Perlman, 2006]. This results in the characteristic pyramidal signs of spastic CP 
mentioned previously: hypertonia at rest, abnormal and increased response to rapid stretch 
and hyperactive deep tendon reflexes [Amiel-Tison, 2004].  

Similarly, selective vulnerability in the basal ganglia in the fetal brain between weeks 38 
and 40 of gestation can result in extrapyramidal lesions causing dystonia and movement 
disorders [Amiel-Tison, 2004; Koman et al., 2004]. The production of cytokines can 
damage the neurons [Gibson et al., 2006; Koman et al., 2004], preoligodendrocytes and 
vascular endothelial cells. Injury to the last of these can also contribute to intraventricular 
hemorrhage [Koman et al., 2004; Murphy and Such-Neibar, 2003]. The direct or indirect 
effect of cytokines in the development process of CP seems to be increasingly supported by 
recent research [Gibson et al., 2006]. 

The clinical presentations resulting from the neurological deficits therefore depend on the 
extent and type of brain damage, the site of irreversible damage and the ability of the central 
nervous system to adapt and reorganize itself after the onset of the damage [Koman et al., 
2004]. 

4.5 Clinical assessment 

Given that the clinical picture of CP is quite varied, it is not surprising that the need has 
been felt to evaluate a child’s condition in terms of both the severity of the motor 



   10 

impairment and the different functions that CP may affect. Since motor deficit is the central 
element in the definition of CP, motor function is the main variable of clinical interest. 

The Gross Motor Function Measure (GMFM) is the measurement instrument most 
commonly used to assess the motor condition of children with CP [Russell et al., 2003; 
Rosenbaum et al., 2002; Wood and Rosenbaum, 2000]. The reliability and validity of the 
initial test, composed of 88 items, have been demonstrated by the CanChild Centre for 
Childhood Disability Research at McMaster University [Rosenbaum et al., 2002; Russell et 
al., 1989] and by others [Nordmark et al., 1997]. This tool is very useful for assessing 
improvement in the condition of children undergoing different types of therapy, and for 
differentiating between the improvement tied to these therapies and the normal progression 
of a child at a given age. This instrument measures the following motor functions: lying and 
rolling; sitting; crawling and kneeling; standing; walking, running and jumping [Rosenbaum 
et al., 2002; Russell et al., 2002; 1989]. Very recently, a Rasch analysis of the items helped 
identify 66 for use as a measurement tool, now called the GMFM-66 [Avery et al., 2003; 
Russell et al., 2003]. 

Based on the GMFM, five levels of outcomes taken from a validated measurement 
instrument [Wood and Rosenbaum, 2000; Palisano et al., 1997] were defined to classify 
children with CP aged between 6 and 12 years: 

 Level I: Walks without restrictions; limitations in more advanced gross motor skills; 

 Level II: Walks without assistive devices; limitations in walking outdoors; 

 Level III: Walks with an assistive mobility device; limitations in walking outdoors; 

 Level IV: Self-mobility with limitations; child is transported or must use power 
mobility outdoors; 

 Level V: Self-mobility is severely limited even with the use of assistive technology 
[Rosenbaum et al., 2002]. 

Curves for each age were developed and correspond to each of the five levels. They are used 
to assess the severity of the motor impairment and to monitor the progression and motor 
development of children with CP. Used in a clinical or research setting, they provide a 
measure of the improvement resulting from a given intervention [Rosenbaum et al., 2002; 
Russell et al., 2002]. 

Since CP also affects children’s activities of daily living and cognitive functioning, two 
other validated tests are often used to assess these dimensions: the Pediatric Evaluation of 
Disability Inventory (PEDI) and the Test of Variables of Attention (TOVA), respectively. 
The PEDI helps evaluate the functional performance of children aged six months to seven 
and a half years in three dimensions: self-care, mobility and social function [Nordmark et 
al., 1999]. The TOVA evaluates four aspects of attention and the impulse-control process: 
attention, impulsiveness, speed of information processing and attention fluctuation 
[Greenberg et al., 1996]. 

4.6 Current management of cerebral palsy 

Cerebral palsy is incurable [NINDS, 2006; Liptak, 2005; Goldstein, 2004]. Available 
management plans generally aim for improvements in muscle function, joint mobility and 
verbal expression skills, along with orthopedic corrections [NINDS, 2006]. 

The efficacy of therapies for CP is the subject of a great number of publications. Given that 
assessment of this efficacy was not part of AETMIS’ mandate, it is not covered in the 
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present report other than when it was felt necessary to draw a parallel with the outcomes 
obtained after administration of HBOT. 

It should be noted that, according to the current state of knowledge, therapies are 
administered during the chronic phase of the disease, that is, after the brain damage has 
occurred. Since CP is generally diagnosed between the second and third year of life, a 
structured management plan is often implemented only at that time. Therapies in the acute 
phase, that is, during the onset of brain damage in the prenatal period, should ideally be 
applied between weeks 26 and 40 of gestation, which is rarely possible at present. 

According to several authors, management should aim to reduce the functional 
consequences of the disease in all aspects of brain function and, consequently, should be 
implemented by a team composed of specialists from various disciplines: a pediatrician, a 
pediatric physiatrist or pediatric neurologist, an orthopedist, a physical therapist, a speech 
and language pathologist, a nutritionist, a social worker, an educator, and so forth [NINDS, 
2006; Liptak, 2005; Koman et al., 2004; Murphy and Such-Neibar, 2003]. For example, the 
use of non-pharmacological therapies, such as physiotherapy, occupational therapy and 
speech therapy, helps maintain or improve mobility of the muscles and joints [Koman et al., 
2004]. Spasticity can be managed through medication such as injections of botulinum toxin 
[Chambers, 2002], anticholinergics, baclofen and muscle relaxants, while orthopedic 
surgery and orthotics become increasingly indicated with age because the orthopedic 
consequences of CP generally tend to worsen. Some authors believe that early and 
structured management allows patients to gain appreciable benefits [NINDS, 2006; Murphy 
and Such-Neibar, 2003]. 

4.7 Hypotheses regarding the mechanisms of action of HBOT on  
brain tissue 

Increased pressure and hyperoxia produce both mechanical and physiological effects on the 
body [McDonagh et al., 2003]. Accordingly, HBOT seems to play a role in the 
revitalization, revascularization and healing of tissue, grafts and organs, in bone 
preservation and regeneration, and in the potentiation of certain pharmacological effects 
[CETS, 2000]. 

The physiological result of HBOT is an increase in blood oxygen concentration through two 
primary mechanisms. One ensures the supersaturation of oxygen receptors in hemoglobin. 
The other dissolves oxygen in the plasma, the concentration of which is linked to the oxygen 
pressure to which a person is subjected, according to Henry’s law of gas diffusion [Jain, 
2004; Shirley and Ross, 2001]. 

For nerve tissue in humans and animals, administering a high concentration of oxygen into 
the blood can counterbalance the effects of hypoxia in the short term. Studies, mostly of 
rats, suggest that HBOT may protect nerve tissue in patients with acute cerebral ischemia. 
For example, administering oxygen appears to decrease brain swelling, reduce brain 
vascular permeability, maintain blood–brain barrier integrity, restore ion pump function, 
improve post-ischemic metabolism, and reduce inflammation and oxidative stress [Al-Waili 
et al., 2005; Veltkamp et al., 2005; Nighoghossian and Trouillas, 1997]. In rat models, after 
an induced acute cerebral ischemia, HBOT appears to reduce neurological deficits and 
necrosis, and to prevent apoptosis [Calvert et al., 2002], programmed cell death abnormally 
triggered during periods of hypoxia [Hossain, 2005]. However, for the rat, the therapeutic 
window in the case of acute ischemia seems narrow, with favourable effects on the cerebral 
infarct volume and on neurobehavioural outcomes occurring when the treatment is given 
within the first six hours. On the other hand, when HBOT is initiated 12 hours after the 
ischemia, the following adverse effects appear: infarct volume increases and 
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neurobehavioural outcomes worsen [Lou et al., 2004]. For the time being, clinical 
applications of HBOT for acute ischemic stroke in humans are not well established [Al-
Waili et al., 2005]. Furthermore, exposing nerve tissue to HBOT during the neonatal period 
can induce neurotoxicity, as the brain is sensitive to oxidative stress [Halliwell, 2006; 
Chavko et al., 2003] particularly during this period [Ferriero, 2004]. 

The effects of HBOT on established lesions due to prior hypoxia, such as in the case of 
diagnosed cerebral palsy, are less well known. However, several hypotheses have been 
proposed. 

4.7.1 First hypothesis: Area of ischemic penumbra 

A first hypothesis is based on “idling cells” that could be activated by certain stimuli, such 
as higher doses of oxygen [Neubauer et al., 1990]. Previous hypoxia could induce an area of 
“ischemic penumbra” surrounding the area of necrotic nerve tissue. This penumbra is 
thought be an intermediate area in which the tissue remains hypoxic and dysfunctional but 
does not die. If hypoxia persists, the cells can die. However, less severe hypoxia could 
plunge certain cells into a “dormant” state, resulting in “electrical insufficiency” of the cells 
in the area of ischemic penumbra. These cells would conserve their ionic but not their 
electric activity. They would be present but non-functional [Neubauer, 2001; Neubauer and 
James, 1998]. 

SPECT (single photo emission computerized tomography) scan studies of a few cases have 
revealed  changes in the range of certain markers after an HBOT session, that the authors 
attributed to the presence of dormant cells around areas of focal ischemia [Neubauer and 
James, 1998; Neubauer et al., 1990]. Restoring oxygen through HBOT, sometimes several 
years after the initial lesions, could reactivate these cells, which could then regain their 
normal functioning. This mechanism may be the origin of the improvement in the condition 
of CP patients [Rossignol and Rossignol, 2006; McDonagh et al., 2003].24 There are no 
animal models to support the hypothesis of idling cells, which is apparently the finding of a 
single research group. Moreover, this hypothesis suggests that brain regions in people with 
CP are in a state of chronic hypoxia. 

The theory of the area of ischemic penumbra remains hypothetical [Marshall, 2004]. Some 
authors doubt its relevance [Jovin et al., 2003], while others state that there is no proof to 
support its existence [Schellinger et al., 2003]. Further research is therefore necessary to 
support or reject the possibility of “idling cells” and to demonstrate the relevance of the 
ischemic penumbra hypothesis. 

4.7.2 Second hypothesis: Synaptic reorganization 

The hypothesis of synaptic reorganization and collateral sprouting differs from that of idling 
cells. It refers to the establishment of new synaptic connections and leaves little room for 
HBOT [McDonagh et al., 2003]. This theory postulates that, at the time of an acute hypoxic 
event, although it is relevant in the short term to resolve the edema and ischemia, in the long 
term, brain plasticity may come into play through synaptic reorganization, which best 
explains the restoration of the damaged functions [Chen et al., 2002]. Parallel nerve circuits 
and new brain regions may intervene in this restoration after a central nervous system injury 
[Chen et al., 2002]. Some authors maintain that inadequate reorganization of the nerve 
circuits during severe hypoxia may be the cause of manifestations such as seizures in 
cerebral palsy [Hossain, 2005]. 

                                                                                    
24. Although the study by Rossignol and Rossignol [2006] deals mainly with autism, it was retained as a relevant 
reference because it is one of the only studies to have examined the possible importance of reactivating dormant cells and 
mobilizing stem cells in the treatment of brain damage due to hypoxia or hypoperfusion. 
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4.7.3 Third hypothesis: Mobilization of stem cells 

Another hypothesis is based on stem cells. In mice, the cells present in the brain are believed 
to migrate toward ischemic areas after obstruction of a cerebral artery. These stem cells are 
later differentiated into functional neurons in the affected areas [Yamashita et al., 2006]. In 
an acute ischemic process, the increased oxygen resulting from HBOT may stimulate the 
mobilization of stem cells present in the bone marrow. These cells would migrate toward the 
ischemic tissue, where they would contribute to healing [Thom et al., 2006]. Stem cells have 
also been isolated in the human fetal brain [Flax et al., 1998], postnatal brain [Schwartz et 
al., 2003] and adult brain [Sanai et al., 2004]. 

Neuropoiesis therefore seems possible for human brain cells. Brain tissue may be 
regenerated through the mobilization of stem cells by HBOT [Rossignol and Rossignol, 
2006]. These cells would initially be mobilized following an ischemic insult and this 
mobilization could be accelerated through administration of HBOT. However, for this 
hypothesis to be fully valid, areas of residual hypoxia or ischemia would still need to be 
present in the brains of patients with CP. For the moment, no animal or human models of CP 
have yet been used to illustrate the effects of the mobilization of stem cells in the brain, 
either with or without the use of HBOT. This hypothesis, albeit interesting, remains to be 
verified [Goldstein, 2004]. 

4.7.4 Other hypotheses 

Other hypotheses, based on events induced by acute ischemia, that is, angiogenesis and the 
triggering of enzymatic cascades, have also been proposed to explain the effects of HBOT 
on chronic tissue damage and, by extension, on CP [Harch, 2004]. Hypoxia may induce 
angiogenesis, which may itself be potentiated by administration of supplemental oxygen 
[Gordillo and Sen, 2003]. Another hypothesis is based on an enzymatic cascade, and is 
distinct from that previously mentioned. This cascade is believed to be triggered by cell 
hypoxia [Nathan, 2003]. In a rat model of subarachnoid hemorrhage, HBOT may have 
diminished the extent of the activation of this cascade, as well as the damage caused by the 
hemorrhage [Ostrowski et al., 2005]. 

Several other hypotheses, which are dealt with infrequently or not at all in the conventional 
scientific literature, have also been posed. A change in cell-membrane configuration under a 
slight increase in pressure, the neutralization of toxic products in brain tissue and the 
elimination of cell debris may explain some of the effects of HBOT on cerebral palsy 
[Neubauer, 2002]. 

As long as models are not available, these hypotheses cannot be validated. In addition, as 
explained in sections 4.3 and 4.4, the causes of CP are multifactorial and do not depend only 
on hypoxia. However, the hypotheses raised to explain the mechanisms of action of HBOT 
are not actually connected to the acute and chronic pathophysiological processes associated 
with CP. Although these hypotheses may be interesting, evidence must be based not on 
biological plausibility but above all on the outcomes of clinical trials. 
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5 EFFICACY OF HBOT IN THE MANAGEMENT 
OF CP 

5.1 General observations about the literature 

Examination of the efficacy of HBOT in the management of CP involved conducting a 
comprehensive literature review. This examination first led to the following observations: 

 the scientific literature published on this topic can be divided into two categories: 
clinical trials measuring the effects of HBOT on patients with CP, and literature 
reviews (systematic or narrative);  

 there are few clinical trials measuring the effects of HBOT on patients with CP and 
they are repeatedly cited in the literature reviews; 

 among the literature reviews, that by the Agency for Healthcare Research and 
Quality (AHRQ) on the effectiveness of the use of HBOT for brain trauma (that is, 
brain injury, CP and stroke) published in 2003 is the most recent rigorous and 
thorough analysis of the question [McDonagh et al., 2003]. 

 
Owing to the nature of the available studies and the 2003 publication of the AHRQ 
systematic review, 2003 was taken as the cut-off point in this evidence review and this 
chapter begins by describing the studies published before that date. This section is initially 
more descriptive than analytical because these studies are included in the AHRQ review, 
which forms the basis of a large part of our analysis. This is intended to help readers gain a 
clearer understanding of the resulting scientific implications discussed in subsequent 
sections. We then describe the results obtained by the AHRQ and analyze the quality of that 
review. This chapter ends with an analysis of the studies published after 2003 and briefly 
deals with the related clinical trials in progress. 

Outcomes are presented by organizing the information according to the PICO model 
(Population, Intervention, Comparison and Outcomes), while taking into account the 
methods used in order to make it easier to compare outcomes [Petticrew and Roberts, 2005; 
Glasziou et al., 2001]. Since some of the studies have been the subject only of conference 
presentations and abstracts, it was sometimes difficult to obtain all the necessary 
information and to respect this model in its entirety. 

5.2 Clinical trials published before 2003 

The studies published before 2003 are mostly observational studies and a few randomized 
controlled trials. 

5.2.1 Observational studies 

Follow-up results for 230 patients were presented in 1989 by Machado at the New Horizons 
in Hyperbaric Medicine conference, in Orlando, Florida, but only the text of this 
presentation is available. The majority of the patients were aged 1 to 10 years (n = 202) and 
presented with spastic CP. They received 20 one-hour HBOT sessions at 1.5 ATA, and their 
clinical condition was assessed before and immediately after the treatment. The assessment 
before exposure to HBOT consisted primarily of a clinical examination of their spasticity. 
An electroencephalogram and a CAT scan were performed on 82% and 63% of the children 
respectively. A reduction in spasticity was observed in 95% of the cases after a neurological 
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examination performed immediately after exposure to HBOT. Only 42% of the patients had 
daily physiotherapy sessions, but this factor was not used to adjust the results. No motor 
function measurement instrument or any other variable was mentioned as part of the clinical 
assessment, and the six-month follow-up was possible only for 39% of the patients. In 76% 
of these the author observed a persisting reduction in spasticity and an improvement in 
motor function. In addition, parents reported that their children had better balance and 
attention, along with decreased incidence of seizures. 

Cordoba-Cabeza et al. [1998] reported the outcomes achieved among a group of 14 Cuban 
children aged 7 months to 11 years (4.8 ± 3.4 years), presenting with central nervous system 
damage and CP. These patients were recruited from the neuropediatric outpatient clinic at 
the Tuna Martyrs hospital in Cuba. This was a before–after study consisting of 20 HBOT 
sessions. The duration and oxygen concentration used were not specified. The article 
mentions that neuropediatric and neurophysiological assessments were performed before 
and after exposure to hyperbaric oxygen, without stating the type. Follow-up was performed 
one month, three months and one year after treatment. The authors reported that a 
satisfactory response in motor, visual and language functions was obtained and that recovery 
was faster and more complete in patients who had received HBOT within the first year 
following the brain injury. 

At the 2nd International Symposium for Hyperbaric Oxygenation in 2001, Chavdarov 
presented the outcomes of a study of 50 subjects between the ages of 1 and 19 years 
presenting with spastic, ataxic or mixed CP [Chavdarov, 2002]. In this before–after study, 
the subjects underwent from 20 to 30 HBOT sessions, at pressures between 1.5 and 
1.7 ATA, for 50 to 60 minutes. Different tests measured their motor skills, cognitive skills 
and speech ability. The following tests were used: the GMFM for motor skills; the Munich 
Functional Development Test, the Wechsler Test, the Raven Test, the Frostig Test and the 
Goppinger Test for mental skills; and the Nancie Finnie questionnaire and the Wechsler Test 
for language. These tests were administered respectively by physiotherapists, psychologists 
and speech therapists, the specialist always being the same for each child. No other therapy 
was combined with HBOT. Minor or moderate improvements were observed in 41% of the 
children in the area of psychomotor functions, 35% in cognitive skills and 44% in language 
skills. 

A study carried out by Waalkes et al. [2002] at the Eisenhower Army Medical Center in Fort 
Gordon (Georgia, U.S.A.) was designed to assess the effect of HBOT as an adjuvant therapy 
on functional outcomes and on the optimal number of necessary treatments. Of the nine 
volunteer children, eight had varying degrees of cerebral palsy. The average age of the eight 
children was 6.4 years (from 1.0 to 16.5 years). One child had to be withdrawn from the 
study after 30 HBOT sessions because of a severe respiratory infection. Besides HBOT, the 
children continued to undergo physiotherapy, occupational therapy and speech therapy 
sessions during the study period. 

Examinations before, during and after exposure to HBOT were conducted by the same 
evaluators. Before the treatment, the children’s global motor functions were assessed with 
the GMFM test, their spasticity was evaluated with the Modified Ashworth Scale (MAS), 
while their functional skills were appraised with the Functional Independence Measure for 
Children (WeeFIM). The last test, however, was not judged to be reliable for the older 
children. Parents were also asked to calculate how much time they spent caring for their 
children during a 24-hour period (average of two consecutive days, that is, Saturday and 
Sunday). In addition, video tapes of the children’s motor disorder were analyzed before their 
HBOT sessions and again after 20 sessions. A questionnaire (with eight items) was also 
distributed to the parents to assess their child’s motor and communication skills before 
exposure and after 40 and 80 HBOT sessions. Finally, three SPECT scans were taken for 
each child: before treatment and after exposure to 40 and 80 sessions. 
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The intervention consisted of exposure over four months to 80 one-hour HBOT sessions 
delivering 100% oxygen at 1.7 ATA in a multiplace chamber. A significant improvement 
(p < 0.05) in the scores for four of the five subdimensions on the GMFM test was observed. 
The greatest improvements generally took place during the first 20 sessions, but progress 
continued until the end of the study, reaching 58.1% after 80 treatments. Upon comparing 
these results with those obtained in two other studies of physiotherapy over a period of six 
to eight months (on the order of 3.7% and 7.0% respectively), the authors concluded that 
HBOT has a true effect. 

Two evaluators viewed the video tapes and noted some motor function improvements in 
four subjects. The time spent by the parents in caring for their children was reduced 
significantly (p = 0.03), the largest gains being observed after 20 treatment sessions. The 
answers to the questionnaire also revealed some minor non-significant improvements in 
motor function. However, there was no improvement in spasticity in the majority of the 
children. Besides the general observation of improvement in brain blood flow, the authors 
were not able to conduct a detailed analysis of the SPECT scan results for technical reasons. 
The study concluded that further research was needed with a larger sample size and 
adequate follow-up to determine the true potential of HBOT. 

A study on 25 children by Montgomery et al. [1999] was conducted in Québec. Pre- and 
post-treatment evaluations separated by 37.2 ± 8.0 days were carried out. Five tests were 
used: the GMFM for gross motor function, the Jebsen Test for fine motor control, and the 
Modified Ashworth Scale for spasticity. In addition, a video analysis was conducted to 
evaluate the participants’ performance before and after treatment, and a final test consisted 
of a parent questionnaire. The clinical tests were administered by physiotherapists. Overall, 
the authors reported an improvement in spasticity and motor coordination after HBOT. 
More specifically, out of the five dimensions in the GMFM test, significant improvements 
(p < 0.05) were observed for sitting; standing; walking, running and jumping. The average 
improvement in the total GMFM score was 5.3%. A significant improvement was observed 
for three of the six dimensions evaluated by the Jebsen Test (p < 0.05): turning cards, 
moving large cans, and moving large weighted cans. The time for the six tests averaged 
260 seconds on the pre-test and 221 seconds on the post-test. Parents also noted an 
improvement in alertness, concentration, quality of sleep and ability to communicate 
verbally and non-verbally. 

Given these outcomes from before–after studies without control groups, it appeared 
necessary by the end of the 1990s to conduct more rigorous assessments of this therapeutic 
modality for CP using randomized controlled trials [Neubauer, 2004]. 

5.2.2 Controlled trials 

5.2.2.1 STUDY BY PACKARD [2000] 
A first so-called randomized controlled trial (a randomized delayed entry trial, according to 
the author), the Cornell Study, was conducted by Packard25 at the New York Presbyterian 
Hospital among 26 children aged from 15 months to 5 years. Twelve children made up the 
experimental group and 14 children were in the control group [Packard, 2000]. The 
outcomes of this study were never published and only a brief abstract is available, which 
makes it difficult to appraise even the study design, which some have called a controlled 
trial. The children in the experimental group received 40 one-hour HBOT sessions at 
1.5 ATA, twice a day, five days a week, over four weeks. The children in the control group 
followed the same protocol, but six months later [Packard, 2000]. 

                                                                                    
25. We attempted to contact Dr. Packard to obtain further information about this trial but were unsuccessful.  
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Assessments were made of gross and fine motor skills, cognitive and language skills, and 
functional performance. The Bayley II was used to appraise cognitive development, the 
Preschool Language Scale to assess language skills, and the Peabody Motor Scales to 
mesure gross and fine motor skills. The PEDI was also used. Two physiotherapists 
administered the Peabody Test without knowing who was or was not being treated, and the 
parents completed the PEDI at the time of enrollment, after 20 sessions, after 40 sessions, 
and three months later. Two child psychologists administered the Bayley II and the 
Preschool Language Scale tests at the time of enrollment and after 20 HBOT sessions. The 
investigators reported no significant difference between the experimental and control 
groups. 

The parents, however, observed improvement in mobility, attention, language, and play. 
Improvement in vision was also noted in four of the nine patients with cortical visual 
impairment. The author explained the non-statistically significant difference in 
improvements observed by the study personnel or reported by the parents as being due to the 
limited sample size and to the fact that the measurement tools used in the study were not 
sensitive to these changes, among other reasons. 

5.2.2.2 CONTROLLED TRIAL BY COLLET ET AL. [2001] 
A second multicentre randomized controlled trial, at the core of the issue that concerns the 
present report, was published in The Lancet by a group of Québec researchers and was the 
subject of two publications [Collet et al., 2001; Hardy et al., 2002]. The study consisted of 
111 children aged 3 to 12 years treated in 17 rehabilitation centres in Québec. The 
experimental group included 57 children, while there were 54 controls. The experimental 
group received 40 sessions with 100% oxygen at 1.75 ATA for 60 minutes, spread over two 
months. The control group received room air pressurized to 1.3 ATA. 

In the study by Collet et al. [2001], four dimensions were evaluated: 

1) the first was gross motor function measured by the GMFM (88 items), described 
previously; 

2) the second dimension was speech and language. The assessment tests used were the 
Dudley/Delage test for language, and the Bleile and Université de Montréal protocols 
for orofacial structure and function. The Kent protocol was used to assess voice, while 
the Bleile and Miller protocol was used for all the children who could not speak. 
Visuospatial and verbal working memory were assessed with computerized versions of 
the Corsi blocks, and the pictures and word span tests were adapted from those of 
France’s Institut National de la Santé et de la Recherche Médicale (INSERM) 
[Delatolas and Hardy, 1993, in Collet et al., 2001]; 

3) the third dimension was visual and auditory attention as measured by the Test of 
Variables of Attention (TOVA). Four aspects of the attention and impulse-control 
processes were measured: attention, impulsiveness, speed of information processing, 
and attention fluctuation; 

4) the last dimension was functional skill performance measured by the PEDI. This test 
assesses the children according to three criteria: 1) self-care; 2) mobility; and 3) social 
function [Nordmark et al., 1999]. 

These tests were administered at the time of enrollment, after 20 sessions and 40 sessions, 
then three months later, by the same evaluator for each child. Results showed a significant 
improvement in both groups of children, without an appreciable difference in the four 
dimensions mentioned previously. 

In terms of motor skills, the GMFM test showed significant improvement in both groups. 
These changes persisted three months after the intervention. A more detailed analysis 



   18 

showed that those whose conditions improved the most were the most severely affected 
children, in both the experimental and the control groups. The mean change in overall 
GMFM score was between 2.3 and 3.7 points, with no difference between the groups. 

Seventy-five participants were considered suitable for neuropsychological assessment. 
Working memory assessment showed improvement in both groups, with no difference 
between the experimental and control groups. Assessment of attention provided similar 
results. The PEDI showed that children in both groups were more functional at the end of 
the study, without any difference between the two groups. 

According to the authors, these improvements were important clinically and, in terms of the 
GMFM scores, in the same range as those achieved through intensive physiotherapy.26 
Several studies have shown that this type of physiotherapy yields appreciable gains in 
children with CP [Tsorlakis et al., 2004; Trahan and Malouin, 2002; Bower et al., 2001; 
Ketelaar et al., 2001; Bower et al., 1996]. In an effort to explain the improvements achieved 
through HBOT, the hypothesis that air at 1.3 ATA may produce an effect equivalent to that 
of oxygen at 1.75 ATA has been advanced, but not retained, however. The authors have also 
rejected the possibility of a learning effect. In addition, they emphasized that the 
documented improvements may be attributable to the greater stimulation resulting from the 
children’s closer interaction with their parents, but also among the children themselves and 
among the parents in the study setting. Finally, the authors concluded that HBOT offers no 
advantages over slightly pressurized air for children with CP [Collet et al., 2001]. 

5.2.2.3 STUDY BY HARDY ET AL. [2002] 
The study by Hardy et al. [2002], published in Developmental Medicine & Child Neurology, 
furthers some of the results presented by Collet et al. [2002] and paints a more complete 
neuropsychological picture, including psychosocial functioning. The most noteworthy 
additions are outlined as follows. 

The children’s developmental age was assessed by the Denver Developmental Screening 
Test. This test is divided into four dimensions: personal–social interaction, fine motor 
adaptive, language, and gross motor function. The test was administered by 
neuropsychologists, occupational therapists, speech therapists and physiotherapists for the 
different dimensions cited above. This parameter was used as a covariable in the analysis.  

The Conners’ Parent Rating Scale–Revised (CPRS–R) was administered to the parents 
before the intervention, after 40 sessions and three months afterwards in order to assess the 
children’s cognitive and psychosocial functioning. This instrument helps assess behaviour 
and attention problems in children aged 3 to 17 years, according to criteria defining 
attention-deficit disorders such as hyperactivity (DMS–IV). 

Results after 40 treatment sessions showed a significant decrease in one of the CPRS–R 
dimensions (anxious–shy) in the experimental group, while in the control group, significant 
(or borderline) improvements were noted in 8 of the 13 dimensions. Most of these 
improvements persisted after three months. However, no significant difference was 
observed in any of these dimensions, regardless of the testing interval. The remaining study 
conclusions match those already presented in the work by Collet et al. [2001]. 

                                                                                    
26. It is generally accepted that the term “intensive physiotherapy” refers to two to four sessions per week for a minimum 
of four weeks [Bar-Haim et al., 2006; Chambers, 2002]. These sessions include progressive training aimed at improving 
muscle tone, muscle strength, cardiovascular fitness and daily living skills, including locomotion, among other aspects 
[Bar-Haim et al., 2006]. 



   19

5.3 AHRQ systematic review 

In 2003 the Agency for Healthcare Research and Quality (AHRQ) [McDonagh et al., 2003], 
a U.S. federal assessment agency, published a systematic review of the efficacy of HBOT 
for brain injury, stroke and CP, and assessed the quality of the different studies published on 
the topic [McDonagh et al., 2003]. With respect to CP, this review aimed to determine if 
HBOT improved the functional outcomes of patients with cerebral palsy, on the basis of the 
literature published up to July 2003. Table 1 summarizes the different studies on CP retained 
in this review and the rating of their individual quality as ascribed by the AHRQ 
researchers. 

The AHRQ is a North American organization known for the rigour of its assessments. The 
report on how to rate the strength of scientific evidence published in 2002 by the same 
organization explains the different steps that researchers must undertake to reach 
scientifically valid outcomes.27 To support their assessment of the studies retained in their 
report, the two AHRQ authors, working independently, searched recognized databases. 
They also referred to an expert group – composed of a neurologist specialized in the area of 
stroke, a neurosurgeon specialized in severe brain damage, a neuropediatrician with 
expertise in the management of children with CP, and a physician experienced in HBOT – 
to discuss the questions raised throughout the process. To ensure the validity of the selected 
information and to rate its quality, they used two checklists, one from the NHS Centre for 
Reviews and Dissemination and the other used by the U.S. Preventive Services Task Force 
[McDonagh et al., 2003, p. 29]. A scale with three levels of quality was adopted – good, fair 
and poor – according to the criteria defined on page 3 of the AHRQ report [McDonagh et 
al., 2003, p. 29]. 

This literature review retained three observational studies and two controlled trials, the latter 
having produced a total of three publications: the one by Collet et al. [2001], that by Hardy 
et al. [2002], and a brief summary by Packard [2000]. 

The observational studies identified by the AHRQ were rated as poor quality, except for the 
one by Montgomery, which was rated fair. As for the controlled trials, the studies by Collet 
and by Hardy were paired together and rated as fair quality, whereas the results presented in 
Packard’s abstract were rated as poor quality because the complete report was not available. 

To be assured of the quality of the AHRQ review, the checklist developed and validated by 
Oxman and Guyatt was used [Oxman, 1994; Oxman and Guyatt, 1991], presented in 
Appendix D. The AHRQ review meets the 10 criteria in this checklist. The rating of “fair 
quality” given by the AHRQ authors is justified for the two articles on the randomized 
controlled trial cited above, that by Collet et al. [2001] and the one by Hardy et. al [2002], 
which possess several recognized biases. Rating the Packard study as “poor quality” seems 
fully justified since only an abstract is available. 

 

                                                                                    
27. Agency for Healthcare Research and Quality (AHRQ). Systems to rate the strength of scientific evidence. Evidence 
Report/Technology Assessment No. 47; 2002. 
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TABLE 1 

Ratings assigned by the AHRQ 

AUTHORS POPULATION EXPERIMENTAL GROUP VS 
CONTROL GROUP 

QUALITY OF THE 
STUDY YEAR 

Observational studies 

Machado n = 230  Poor 1989 

Montgomery et al. n = 25  Fair 1999 

Chavdarov n = 50  Poor 2002 

Controlled trials 

Packard n = 26  (12 vs 14) Poor 2000 

Collet et al. n = 111 2001 

Hardy et al.   
(57 vs 54) Fair  

2002 

Conference presentations 

Marois  - - 1998 

Barrett  - - 2001 

Kazantseva  - - 2002 

Lobov  - - 2002 

Zerbini  - - 2002 

 
On the basis of this well-designed review, the AHRQ authors reached the conclusion that 
the available evidence does not make it possible to confirm the efficacy of HBOT for 
improving the functional outcomes of CP [McDonagh et al., 2003]. Moreover, the authors 
added that the outcomes of the single randomized controlled trial [Collet et al., 2001 are 
difficult to interpret because of the use of pressurized room air for the group considered to 
be the control group. They specified that, since the condition of both groups improved, the 
benefits of pressurized room air and of HBOT with a pressure between 1.3 and 1.5 ATA 
should be examined in further studies. The authors mentioned as well that the only other 
controlled study comparing two groups who received HBOT at 1.5 ATA, with one group 
being treated six months later, showed significant improvement, but without an appreciable 
difference between the two groups. 

The only uncontrolled study of fair quality showed functional improvements comparable to 
those observed in controlled trial patients. Although none of the studies analyzed by the 
AHRQ adequately measured caregiver burden, the caregivers often reported appreciable 
reductions in their workload as a result of the treatment [McDonagh et al., 2003]. 

Other studies, published as recently as April 2006, that deal with various aspects of CP and 
refer to the efficacy of HBOT are examined in the following section. 
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5.4 Review of recent scientific literature  

A literature search of recognized databases28 found several studies providing information on 
the effect of HBOT on cerebral palsy. The main objectives of these studies were to clarify 
the definition of CP and to analyze the causes, diagnosis, management and available 
therapies. 

5.4.1 Systematic review of the literature  

Only the AHRQ study [McDonagh et al., 2003] is considered to be a solid literature review. 
The other 18 studies retained in this evaluation are deemed narrative reviews and are 
presented below. 

5.4.2 Narrative reviews of the literature  

The 18 studies listed in Appendix E are classified as narrative reviews because they do not 
meet the rigorous methodological criteria for a systematic review. Although they pursue 
different objectives, they are included in the current assessment because they report on 
HBOT as a modality for managing CP. Despite their heterogeneity, a point of convergence 
emerges from the reviews: a large majority of them are based on the observational studies 
and randomized controlled trials published before 2003. A few other references are also 
used to support the authors’ conclusions, such as the UHMS [Feldmeier, 2003], the UCP,29 
the CETS report [2000], and so on. 

The literature review conducted by Hailey [2003] at the request of the College of Physicians 
and Surgeons of Alberta is not a systematic review. Its purpose was to draw a portrait of the 
efficacy of HBOT for the different recognized indications. The author concluded that HBOT 
is not indicated for managing CP, according to the outcomes of the study by Collet et al. 
[2001], those of the CETS report [2000] and a report from Australia’s Medical Services 
Advisory Committee [MSAC, 2000], which are not reviewed here because they were 
included in the AHRQ analysis. A narrative review of the same kind as the one by Hailey 
[2003] was published in December 2006 by Argentina’s Instituto de Efectividad Clínica y 
Sanitaria. Only the study by Collet et al. was specifically cited. Considering the similar 
improvements observed in the two groups compared, the Argentine review concluded that 
“this study adequately proves that HBOT must not be used for this indication” [free 
translation]. Cerebral palsy is therefore classified as a non-recommended indication. 

Currently, almost all the literature reviews located converge toward the same conclusion, 
that is, the efficacy of HBOT for the management of cerebral palsy is not supported by solid 
scientific evidence. 

5.4.3 Other recent randomized controlled trials 

The literature search carried out for this assessment did not identify any research conducted 
according to rigorous scientific standards since the studies of Collet et al. [2001] and Hardy 
et al. [2002].30 Only one randomized controlled trial was found, led by Sethi and Muherjee 
in 2003 and published in the Indian Journal of Occupational Therapy [Sethi and Mukherjee, 
2003]. That study was of 30 children with CP, aged from two to five years and divided into 
two groups. The experimental group of 15 children was exposed to 100% oxygen delivered 
at 1.75 ATA for 40 sessions, with one session a day lasting 60 minutes, and also underwent 
physiotherapy. The control group (n = 15) received only physiotherapy. Norton’s Basic 

                                                                                    
28. See Methodology in Chapter 2. 
29. http://www.ucp.org/. 
30. “Rigorous scientific standards” are understood here to be randomized controlled trials conducted according to agreed 
standards. 
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Motor Evaluation Scale was used to assess gross motor function before and six months after 
HBOT in the two groups. Because the baseline scores were different, the authors used a 
statistical technique (covariance analysis) to calculate mean adjusted scores for the post-
treatment results. Although some improvement was observed in both groups, this was 
significantly greater in the experimental group. On the other hand, the authors emphasized 
the limitations of their study outcomes, especially due to the limited number of subjects and 
the heterogeneity of the diagnoses. Besides these limitations, the study had other 
methodological flaws, such that this study was rated as poor quality. 

5.5 Controlled trials in progress 

The information search conducted with key informants and on the Web revealed two U.S. 
controlled trials in progress on HBOT and CP, the first at the UCLA Center for Cerebral 
Palsy and the second at the Children’s Medical Center of Dayton, Ohio. 

5.5.1 Study by the UCLA Center for Cerebral Palsy 

The UCLA/Orthopaedic Hospital Center for Cerebral Palsy31 began to recruit children aged 
4 to 12 with spastic CP in March 2006. This study is designed to include psychological tests, 
imaging analysis (magnetic resonance imaging [MRI] and positron emission tomography 
[PET]), vision and hearing assessments, and an evaluation of rehabilitation needs. Treatment 
will consist of 20 HBOT sessions exposing children either to 100% oxygen or to room air, 
but at a pressure greater than 1 ATA. The study abstract is not more explicit about the 
research protocol. 

5.5.2 Study by the Children’s Medical Center of Dayton, Ohio 

The U.S. Department of Defense has recently initiated a vast research project including 
42 studies, with twenty or so focusing on different therapies for CP.32 One of the studies, 
“An Evaluation of Hyperbaric Treatments for Children with Cerebral Palsy,” was launched 
in January 2006. This study is on the efficacy of HBOT and its long-term effects on 
94 children aged from three to eight years with spastic CP. This is a double-blind 
randomized controlled trial. The first experimental group will receive 100% oxygen at 
1.5 ATA, whereas the control group will receive 14% oxygen at 1.5 ATA, the equivalent to 
21% oxygen. Forty sessions are planned, with assessments at 0, 3 and 6 months. Results are 
expected in 2009 and will relate to two outcome measures: 1) GMFM (Gross Motor 
Function Measure); and 2) PEDI (Pediatric Evaluation of Disability Inventory). A budget of 
$1,775,000 US has been allocated to this research. 

5.6 Official positions of organizations and third-party payers 

This section will present the official positions of recognized and credible organizations on 
the use of HBOT as a therapeutic modality for CP. They include: 

 scientific organizations specialized in HBOT, such as the Undersea and Hyperbaric 
Medical Society (UHMS) or the American College of Hyperbaric Medicine 
(ACHM); 

 charity organizations such as the United Cerebral Palsy Association (UCP) of the 
United States; and  

                                                                                    
31. http://www.uclaccp.org/. 
32. http://clinicaltrials.gov/search/term=Cerebral+Palsy. 



   23

 reimbursement parties such as the provincial health insurance plans, Blue Cross Blue 
Shield, and Aetna. 

5.6.1 Scientific and charity organizations 

For the UHMS, according to its 2003 publications and information available on its Web site, 
CP is not an indication for HBOT. The UCP indicates that scientific evidence available thus 
far33 does not permit one to conclude whether this modality contributes to improving 
neurological status. According to the same organization, the scientific question has not been 
resolved and requires further investigation. In addition, the guide published on the site of the 
Ontario Federation for Cerebral Palsy does not deal with HBOT as a treatment for CP.34 

5.6.2 Third-party payers 

The HBOT reimbursement policies of several third-party payers were found: in Canada, 
those of the governments of Alberta, British Columbia, Ontario, and Newfoundland and 
Labrador; in the U.S., those of Medicare, Blue Cross Blue Shield (BCBS), Aetna and 
Mutual of Omaha; and lastly, that of CIGNA, an insurance company also established in the 
United Kingdom and in twenty or so other countries. 

It should be noted that Medicare and BCBS have experienced and credible health 
technology assessment teams that prepare literature reviews to form the basis of their 
reimbursement policies. None of the Canadian public health insurance plans that AETMIS 
was able to consult include cerebral palsy among the medical conditions for which HBOT is 
reimbursed. These include the Alberta Health Care Insurance Plan,35 the BC Medical 
Services Commission,36 the Ontario Health Insurance Plan (OHIP)37 and the Newfoundland 
and Labrador Medical Care Plan.38 

The same is true for Medicare,39 which does not include cerebral palsy among the 
indications for which HBOT is covered, such indications being qualified as “medical 
necessity.” The section that lists the conditions for which there is no medical necessity and 
which are consequently not covered contains two categories: one that indicates that any 
condition not appearing in the list of indications for which there is a presumption of medical 
necessity does not constitute a state of necessity, and the other specifying a certain number 
of non-covered indications. Cerebral palsy belongs to the first of these categories. The 
Mutual of Omaha,40 a company that models its policy on that of Medicare, therefore 
excludes cerebral palsy from the indications for which HBOT is reimbursed. 

The Blue Cross and Blue Shield Association Health Insurance (BCBS) considers HBOT to 
be an experimental technology for cerebral palsy. The medical policy statements of some 
companies affiliated with the BCBS41,42 specifically stipulate that HBOT for CP is an 

                                                                                    
33. The site had last been updated on February 10, 2006 when it was accessed. 
34. http://www.ofcp.on.ca/A%20guide%20to%20CP.pdf. 
35. http://www.health.gov.ab.ca/professionals/SOMB_Procedure_List.html; fee schedule according to the list amended on 
December 12, 2005 (accessed on  May 15, 2006). 
36. http://www.healthservices.gov.bc.ca/msp/infoprac/physbilling/payschedule/index.html; payment schedule as of 
September 2005 (accessed on May 15, 2006). 
37. http://www.health.gov.on.ca/english/providers/program/ohip/sob/physserv/physserv_mn.html; fee schedule according 
to the Health Insurance Act dated April 1, 2006 (accessed on May 15, 2006). 
38. http://www.health.gov.nl.ca/mcp/html/info_prv.htm; payment schedule in effect from June 1, 2005 (accessed on 
May 15, 2006) 
39. http://www.cms.hhs.gov/mcd/viewlcd.asp?led_id=2454&lcl_version=14&show=all; policy statement amended on 
February 4, 2005 (accessed on May 11, 2006). 
40. https://coverage.cms.fu.com/lcd/view_lcd_popup.asp?which=view&contractor_number=52280,1&contractor_ 
type=82,2&lcd_number=2454&lcd_version=12; policy statement revised on February 4, 2005 (accessed on May 11, 
2006). 
41. http://www.excellusbcbs.com/download/.les/med_policies/hbo2_0805.pdf; medical policy statement revised on 
July 21, 2005 (accessed on May 11, 2006). 
42. http://www.regence.com/policy; medical policy statement revised on June 7, 2005 (accessed on May 11, 2006). 
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experimental technology. The statements of other companies affiliated with the BCBS,43,44 
without explicitly naming CP, declare that the use of HBOT is experimental for all the 
conditions not appearing among the indications for which HBOT is medically required. 
Cerebral palsy is considered, in fact, to not be an indication for which this technology is 
medically required. Aetna45 also considers HBOT to be experimental in the case of cerebral 
palsy and specifically names it as such. Finally, CIGNA46 includes cerebral palsy among the 
experimental or unproven indications for HBOT, and therefore does not cover such therapy 
for this medical condition. 

However, with respect to the United States, a recent court decision in Georgia47 ruled that a 
beneficiary with CP insured under Medicaid, the government-funded health insurance plan, 
was entitled to be reimbursed for all of his HBOT sessions. To reach that conclusion, the 
court based itself on the testimony of credible experts who were able to establish that there 
was a direct link between HBOT and the improvement in the clinical condition of the child 
in question. A physiatrist who had participated in the study by Collet et al. [2001] also 
intervened in this matter. The Court cited his comments to the effect that this study showed 
a statistically significant improvement in all subjects who had received HBOT, according to 
validated measurement instruments, and that the evidence showed that HBOT corrected the 
underlying condition causing CP. 

In its conclusions, the U.S. Superior Court, basing itself on the ruling of the Georgia 
Appeals Court in the same matter, recalled that, pursuant to the requirements of the law 
(U.S. Code 42, section 1396d), the beneficiary was not obliged to prove that HBOT is a 
generally accepted medical practice or that it corresponds to the definition of “medical 
necessity” reserved for adult beneficiaries used by Medicare. Instead, it was sufficient to 
prove that the treatment improved or corrected the beneficiary’s medical condition. In this 
specific case, the testimony heard on the topic in favour of the petitioner was deemed more 
persuasive, in addition to reflecting a multidisciplinary perspective. 

 

                                                                                    
43. http://www2.bluecrosswisconsin.com/provider/medpolicy/policies/MED/hyperbaric_oxygen.html; medical policy 
statement amended on July 14, 2005 (accessed on May 11, 2006). 
44. http://notesnet.care. rst.com/ecommerce/medicalpolicyfinsf/vwwebtablex/f3efde31ce39eefd85256d6e0062c813? 
OpenDocument; medical policy statement amended on July 28, 2005 (accessed on May 11, 2006). 
45. http://www.aetna.com/cpb/data/CPBA0172.html; Clinical Policy Bulletin revised on April 18,  2006 (accessed on 
May 11, 2006) 
46. http://cigna.ca/health/provider/medical/procedural/coverage_positions/medical/mm_0053_coveragepositioncriteria_ 
hyperbaric_oxygen.pdf; coverage position amended April 15, 2006 (accessed on May 11, 2006). 
47. Freels vs Department of Community Health, USA, State of Georgia, Office of State Administrative Hearings, Docket 
Number: OSAH-DCH-LOC-0615259-44-Teate.  
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6 LEGAL FRAMEWORK 

 

The management of CP by HBOT raises several legal questions that warrant examination. 
In this section, the legal aspects governing both the use of hyperbaric chambers and the 
management of cerebral palsy are briefly outlined. 

6.1 Approval of hyperbaric chambers 

Prior to its operation, a hyperbaric chamber must have been approved by Health Canada. 
Following an assessment of its safety, effectiveness and labelling information, Health 
Canada can approve the equipment and allow anyone to purchase it.  

The role of Health Canada is actually limited to checking that all safety, effectiveness and 
labelling standards are met when a medical device is put on the market. The act of using a 
hyperbaric chamber for the purpose of treating a disease does not fall under the jurisdiction 
of Health Canada but of the Collège des médecins du Québec, in accordance with the 
powers vested in it by the Quebec Medical Act. 

6.2 Hyperbaric oxygen therapy 

6.2.1 Scientific recognition of HBOT 

Under the Code of Ethics of Physicians (a professional code), physicians are obliged to offer 
their patients all the treatments required by their health condition, insofar as these are 
recognized by the medical profession.48 However, patients remain free to undergo 
unrecognized treatments. 

First and foremost, it is reasonable to ask if HBOT is a scientifically recognized treatment 
for cerebral palsy. As explained in the previous sections, the current state of science does 
not allow an affirmative answer to this question. Physicians therefore cannot prescribe this 
treatment for the time being. This excludes the case of research studies, insofar as they have 
protocols duly approved by a research ethics committee. 

Given that patients or their parents, in the case of minors, maintain their freedom regarding 
the therapeutic decisions that concern them, they are not forbidden to acquire and use a 
hyperbaric chamber. In such cases, physicians have the duty to inform their patients or the 
parents about unrecognized treatments,49 and they must also provide all the necessary care, 
if required.50 

But what about third-party administration of HBOT? Is this a medical practice reserved for 
physicians and, consequently, illegal for a third party to administer? 

                                                                                    
48. Code of Ethics of Physicians, Professional Code, R.Q. c. M-9, r.4.1, ss. 6, 44, 47; Collège des médecins du Québec 
(CMQ); Énoncé de position : le médecin et les traitements non reconnus. Montréal: CMQ; 2006:5. 
49. Code of Ethics of Physicians, cited above in footnote 50, s. 49. 
50. Code of Ethics of Physicians, cited above in footnote 50, ss. 32, 38. 
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6.2.2 Medical practice 

The Medical Act holds that prescribing or applying treatments that entail the risk of injury, 
in preventing and treating illness, is an activity in the practice of medicine reserved 
exclusively for physicians.51 

It is necessary to distinguish the case in which it is the parent or guardian who is 
administering HBOT to the child. Physicians may intervene only if the treatment threatens 
the safety of the child.52 If HBOT is administered by a different professional, the description 
of the practices reserved for that profession must be examined to determine its legality. In 
this respect, it should be noted that the pertinent Regulation arising from the Medical Act 
allows inhalation therapy technicians to perform acts related to oxygen therapy as prescribed 
by a physician.53 

However, a final aspect remains important to examine: the risk of harm related to a given 
treatment. In fact, , whether a treatment is recognized or not, if there is a risk of harm for a 
patient, it may not be administered by a third party under the Medical Act. In this case, the 
Collège des médecins can intervene to put a halt to such practice. 

 

 

                                                                                    
51. Medical Act, R.S.Q. c. M-9 
52. Code of Ethics of Physicians, cited above in footnote 50, s. 39. In this case, the physician has the duty to inform the 
director of youth protection or the police authorities. 
53. Regulation respecting the acts contemplated in section 31 of the Medical Act which may be done by classes of persons 
other than physicians, R.Q. c. M-9, r.1.1. 
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7 THE QUÉBEC SITUATION IN CONTEXT 

Contextualization is an approach used in health technology assessment that is based chiefly 
on qualitative methods. This approach can shed light on the different perspectives of key 
informants about context, in order to build a multidimensional representation of the issues 
raised by a given health technology.54 Selected qualitative research methods assist in 
understanding positions without needing to explain them. These methods generally involve 
semi-guided interviews and the consultation of documents identified through the search of 
grey literature and meetings with key informants. The multidimensional representation of 
the context resulting from this process, when confronted with conclusions from the scientific 
literature, makes it possible to formulate recommendations that take the situation as a whole 
into account. 

The purpose of consulting several stakeholders in this matter -- clinicians, researchers and 
decision makers (see Appendix B) -- was therefore to gain a more detailed understanding of 
the issues related to HBOT. This consultation, combined with examination of notes and 
written correspondence, transcripts of exchanges held during the parliamentary sessions of 
the Québec National Assembly recorded in the Journal des débats (the official report of 
debates), and archival documents of televised debates, made it possible to highlight the 
polarization of the debate surrounding this issue in Québec. 

This examination allowed us to identify two major sets of factors that seem decisive in the 
debate. The first is related to the sequence of events that led to the awareness, and then the 
surge of interest, among parents, clinicians and researchers in Québec with respect to this 
therapy. The second primarily concerns the interpretation of the outcomes of the only actual, 
good randomized controlled trial on the issue conducted by Québec researchers among 
children in Québec that culminated in two high-calibre scientific publications [Collet et al., 
2001; Hardy et al., 2002]. 

7.1 Events triggering the interest in HBOT in Québec 

Several sources converge with respect to the information that make it possible to establish 
the origin of public awareness and interest in HBOT in Québec.55 It is due to this 
convergence of the information gathered that it is included in this report. This interest 
originated from a group of mothers organized in a network (MUMS) and exchanging 
information over the Internet. MUMS is an organization for the parents, or natural 
caregivers, of children with disabilities, disorders, chromosomal conditions or rare or less 
rare medical conditions. The main purpose of MUMS is to support parents by offering them 
a networking system, connecting them with parents of children with the same health 
problems. This network allows them to exchange information about treatments and to share 
the names of physicians and clinics and other information of medical, scientific or 
alternative source. 

This special interest and lobby group was initiated by a woman from the United States, 
herself the mother of a child with cerebral palsy. The MUMS Web site mentions that the 

                                                                                    
54. Adapted from Mucchielli A., Dictionnaire des méthodes qualitatives en sciences humaines et sociales. 2nd ed. Paris: 
Armand Colin; 2005. 
55. Dr. Pierre Marois, personal communication, June 20, 2006; Harch PG. McGill University pilot study of hyperbaric 
oxygen therapy in the treatment of spastic diplegia cerebral palsy duplicates and reaffirms widespread reports of 
effectiveness of HBOT in cerebral palsy. Available at: http://www.hbot.com/McGillStudy.html (accessed on October 2, 
2006); MUMS National Parent to Parent Network. How did MUMS hear about hyperbaric oxygen therapy? Available at: 
http://wwwfinetnetfinet/mums/Whyhbo.htm (accessed on October 3, 2006). 
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link with Canada developed when a woman from Québec contacted the organization and 
asked to be sent literature on CP. This literature told the story of children in England who 
had undergone HBOT and whose conditions had apparently improved substantially after 
exposure to HBOT. This Québec woman, the mother of twins with CP, later left Québec 
temporarily in 1998 so that her children could receive hyperbaric oxygen therapy in England 
[MUMS, 2005]. A pediatric physiatrist56 from Québec whom the mother had consulted 
before her departure admitted that he had initially expressed reservations about this 
treatment. Afterwards, seeing her determination, he contacted the British physicians 
concerned to obtain additional information. He was satisfied with this but informed the 
mother of the treatment’s potential side effects. A clinical examination of the children, 
conducted shortly after their return from England and compared with that carried out shortly 
before their departure, showed substantial improvements in their condition. Documents 
drawn from media archives also substantiate this information. 

The media coverage on the changes observed in these twins stimulated the interest of many 
other parents, who were willing, according to some sources, to mortgage their homes to be 
able to cover the costs of this treatment in England, and other expenses involved in staying 
abroad. The information sources mentioned previously maintain that the parents’ 
determination to ensure that their children would receive this promising treatment in 
Québec, combined with the commitment of a core of clinicians to find a scientifically valid 
answer to the question of the efficacy of HBOT for the treatment of CP in order to permit 
this treatment in Québec if it were to be found effective, appears to have triggered the 
cascade of events that led to the Québec studies on this subject [Montgomery et al., 1999; 
Collet et al., 2001; Hardy et al., 2002]. This statement, difficult to demonstrate with total 
certainty, is not meant in any way to diminish the work being done by researchers and 
organizations involved in the research on this question in Québec, since their contribution 
has been significant. It is simply meant to identify the origins of the parents’ lobbying 
movement in order to understand its scope. 

The parents’ lobbying efforts led the Ministère des Finances to introduce a tax credit for 
expenses related to HBOT treatments, as part of the 2005-2006 budget measures.57 
According to an official brochure, eligible expenses are those paid “for hyperbaric oxygen 
sessions undertaken by a person if he or she has a severe and prolonged neurological 
disorder and if a qualified person testifies that the person has a severe and prolonged 
impairment of their mental or physical functions [free translation].”58 This brochure does not 
explicitly mention cerebral palsy, but a footnote in the document of the 2005-2006 budget 
states, “for example, certain cases of cerebral palsy” (p. 15). It is interesting to note that this 
document indicates that, for such a disability, “the efficacy of this therapy has not been 
scientifically established.” This governmental initiative continues to fuel the controversy. 

7.2 Interpretation of the outcomes of the only good-quality randomized 
controlled trial 

We did not examine the events related to the performance of this randomized controlled 
trial, which culminated in two scientific publications widely cited on this question [Collet et 
al., 2001; Hardy et al., 2002], as this was beyond the scope of our mandate. The purpose of 
this section is solely to elucidate the positions of stakeholders consulted regarding their 
interpretation of the trial’s results. 

                                                                                    
56. Dr. Pierre Marois, personal communication, June 18, 2006. 
57. Ministère des Finances du Québec. Budget 2005-2006. Renseignements additionnels sur les mesures du budget. 
Québec: Gouvernement du Québec; April 2005. 
58. Ministère du Revenu du Québec. Les frais médicaux. IN-130 (2006-10). http://www.revenu.gouv.qc.ca. 
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The scientists consulted, who were either the study researchers or members of one of the 
scientific data interpretation committees, are divided on the interpretation of the study 
conclusions. For some, the question is closed, the efficacy of HBOT having not been 
demonstrated. For others, the question remains open because these studies did not prove the 
ineffectiveness of this treatment. This divergence of opinion is also clearly illustrated in the 
public documents that were consulted, and continues to fuel the debate. 

7.3 Research following the Québec trial 

Clinical researchers in Québec are pursuing their work in this area. For example, the 
outcomes of a before–after observational study of 118 Québec children with CP treated with 
HBOT were presented at the 5th International Symposium on Hyperbaric Oxygenation held 
in July 2006 in Fort Lauderdale, Florida. The mean age of the participants was six years and 
four months. In this study, all participants received more than 30 one-hour HBOT sessions 
delivering 100% oxygen at 1.5 ATA, five days a week for eight weeks. Motor function was 
evaluated by the GMFM test (88 items) before and then two months after their exposure to 
HBOT (i.e., pre- and post-test). A mean improvement of 3.96% was recorded between the 
GMFM scores before and after treatment. Other outcome measures were used, such as an 
“efficacy ratio” (the rate of change over the rate of development). 

The results of this study suggest that the motor skills of a very large majority of the children 
improved significantly (both in statistical and clinical terms), and that the order of 
improvement associated with this treatment is comparable to the use of therapies approved 
and covered by Québec’s public health system. A scientific publication on the results of this 
uncontrolled study is said to be in preparation.59 Nevertheless, the fact remains that such a 
study possesses the methodological limitations inherent to this approach, namely, the lack of 
a control group. 

A Cerebral Palsy Consortium has also been established. This is a multidisciplinary initiative 
with the aim to promote research on the social participation of children living with a 
neurological disability. The purpose of this network of different practitioners, parents, 
teachers and researchers is to help transfer and disseminate knowledge on the work and 
activities related to social participation, and the development of research projects by partners 
in the professional, university and community settings.60 

                                                                                    
59. Dr. P. Marois, personal communication, September 21, 2006, based on a PowerPoint presentation given at the 
symposium. 
60. http://www.consortiumpc.ca/pro.l.html. 



   30 

8 DISCUSSION 

The use of HBOT in the management of CP is relatively recent. Five before–after 
observational studies were published between 1989 and 2002: by Machado [1989], 
Cordoba-Cabeza et al. [1998], Montgomery et al. [1999], Chavdarov [2002] and Waalkes et 
al. [2002]. These studies, without control groups, showed improvements in the children’s 
conditions with regards to several clinical outcomes, especially motor function [Waalkes et 
al., 2002; Chavdarov, 2002; Montgomery et al., 1999; Cordoba-Cabeza et al., 1998; 
Machado, 1989]. They raised the possibility, in the scientific community, that HBOT might 
be effective for treating CP, but did not demonstrate it. 

This was the context in which two controlled clinical trials were conducted in 2000 and 
2001. The first, by Packard [2001], has never been published, and only a brief summary of 
the study is available. The author noted no significant difference in GMFM scores between 
the experimental and control groups, but the parents observed a level of improvement in 
some functions, including motor skills. The second study, an actual randomized controlled 
trial, was conducted in Québec with a group of 111 children. The outcomes of this trial were 
published by Collet et al. in 2001 and by Hardy et al. in 2002. Collet et al. [2001] reported 
no significant difference between the experimental and control groups. They documented 
equivalent improvement in the two groups in terms of the four dimensions evaluated: motor 
function, some neuropsychological functions, including memory and attention, language and 
speech, and functional performance. Improvements in motor function were substantial and 
seemed to be at the same level as those achieved through intensive physiotherapy. 

These results provoked considerable controversy, with some maintaining that the 
improvements were caused by a participation effect tied to the extra attention and care 
offered to the two groups, and others believing that these improvements were attributable to 
“hyperbaric oxygenation.” The latter maintained that the control group was also technically 
exposed to a form of “hyperbaric oxygenation therapy,” considering that the children in that 
group received room air at 1.3 ATA, which would be equivalent to an oxygen concentration 
of roughly 28% (the concentration of air inhaled on earth at sea level is 21%). 

An AHRQ review, published in 2003 and conducted according to rigorous standards, 
concluded that there is no scientific evidence supporting the effectiveness of HBOT for 
treating children with CP, but also that further studies are required. Appendix E lists the 
literature reviews that followed the controlled trial in Québec [Collet et al., 2001; Hardy et 
al., 2002]. These 18 narrative reviews on different topics related to CP, published as recently 
as 2006, converge toward the same conclusion. 

Since the AHRQ review, another randomized controlled trial has been published [Sethi et 
Mukherjee, 2003]. This concluded that HBOT associated with occupational therapy and 
physiotherapy is effective in improving the motor skills of children with CP. However, the 
authors themselves recognized the limitations of their study, and other methodological flaws 
have led the study to be rated as poor quality. 

Two U.S. studies currently in progress are randomized controlled trials studying questions 
that have already been raised. The study at the Children’s Medical Center of Dayton, which 
is using hyperbaric equipment at the Wright-Patterson Air Force Base and is being financed 
by the U.S. Department of Defense, seems to be taking into account the fundamental 
problems of the study by Collet et al. [2001], by exposing children in the control group to a 
concentration of oxygen equivalent to that inhaled in air pressurized to 1 ATA. What is less 
clear, however, are the measures that will be taken to better control for the participation 
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effect, to which several credible researchers have attributed the major outcomes achieved by 
Collet et al. [2001] and Hardy et al. [2002]. In addition, the question of the long-term 
effectiveness of HBOT remains unanswered, since these two studies, like those carried out 
previously, measure the effects of HBOT for only a maximum of six months post-treatment. 

Since cerebral palsy remains a heavy responsibility for families and for society despite 
existing therapeutic options, and since the improvements identified in the Québec controlled 
trial have sometimes been qualified as spectacular, it is of interest to shed new light on the 
results obtained. Are these results linked to the extra care given to the children? If so, such a 
conclusion would make it possible to emphasize the traditional approaches of 
physiotherapy, occupational therapy, stimulation and attention to be offered to these 
children. 

This conclusion would also allow the avoidance of exposing children to a therapy that is not 
free of risk and is costly. HBOT therapy requires one or more series of 40 or so sessions, 
each lasting one hour and using equipment and specialized staff, which implies substantial 
expense to access it in the private setting. This conclusion would also avoid raising false 
hopes among parents. According to Clark [2000], “ethically, consumers [families] have the 
right to use alternative medicine therapies as a matter of autonomy; but they also have the 
duty not to harm themselves.”61 

On the other hand, if it could be demonstrated that the improvements are linked to oxygen 
therapy, through the delivery of an oxygen concentration of 28%, for example, such a 
conclusion would open the door to new therapeutic options, while raising highly important 
questions on the mechanisms of action of such therapy. 

Only randomized controlled trials including 1) a sufficient number of subjects; 2) 
measurements of the combined and isolated effects of hyperbaric therapy (increase in 
atmospheric pressure) and oxygen therapy, and 3) a true control group exposed to 21% 
oxygen or its equivalent, while controlling for the participation effect, would help resolve 
the current controversy and uncertainties raised by the previous studies. Considering the 
importance of the issues at stake, adopting the position that “there is not enough scientific 
proof,” although rigorous and defensible, does not suffice. This position seems to be shared 
by some U.S. researchers because two studies are underway in that country. On the basis of 
what has been revealed about the study designs, however, there may be cause to question the 
ability of these controlled trials to apply the key criteria required. 

 
 

                                                                                    
61. Clark, 2000, p. 458. 
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9 CONCLUSIONS AND RECOMMENDATIONS 

 

In the letter of request, the Minister of Health and Social Services asked AETMIS to report 
on the efficacy of HBOT in the management of cerebral palsy. The current evaluation is 
based on a review of the relevant scientific literature and on a contextual analysis of the use 
of HBOT for children with CP. The conclusions that follow are based on the available 
scientific evidence. The recommendations are the result of the bringing together of these 
data and the contextual information, the objective being to formulate recommendations that 
consider the situation as a whole. 

The literature review conducted leads AETMIS to the following conclusions: 

 The efficacy of HBOT for the treatment of cerebral palsy has not been scientifically 
demonstrated to date, and uncertainty persists. 

 Given this lack of scientific demonstration, the procedure must remain experimental 
for the time being. 

 The outcomes of the randomized clinical trial conducted in Québec nevertheless 
indicate that hyperbaric oxygen therapy was possibly associated with significant 
improvements in the condition of these children in terms of motor function, 
neuropsychological functions, language and speech, and functional performance. 

 Other well-designed controlled studies must be conducted, in addition to the U.S. 
studies already underway, to supply a definitive answer to the question of the 
efficacy of HBOT for the treatment of cerebral palsy. 

The consideration of these conclusions in light of contextual information leads to the 
following recommendations that, as previously mentioned, take into account the situation as 
a whole: 

9.1 To dispel uncertainty 

AETMIS considers that further research is necessary for the following reasons: uncertainty 
persists about the efficacy of HBOT in the management of CP; the outcomes of most of the 
observational and controlled studies on this issue converge; medical imaging techniques are 
now available to better document the presence of clinical outcomes; the U.S. studies now in 
progress will not be able to answer all the questions raised; and finally, this technology 
raises high hopes among parents of children with CP.  

Recommendation 1: It is recommended that the efficacy of HBOT in the management of CP 
be the subject of a newly funded research project. In this research study, a number of 
aspects should be considered: 

a)  the research project should be a multicentre randomized controlled trial, ideally 
conducted as a joint international or Canadian study; 

b)  the research should be placed under the scientific direction of a research group 
recognized for its objectivity, experience and expertise; 

c)  the research group responsible for the study should work in conjunction with experts in 
the fields of hyperbaric oxygen therapy, cerebral palsy and research methodology, 
acting as an advisory group, in order to agree on the conditions that are essential for the 
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success of the investigation, including the type of study design, the dose(s) of 
hyperbaric oxygen, the methods to preserve blinding, requisite clinical variables, 
measurement instruments, and so forth. This advisory group should take part in 
interpreting the data; 

d)  the controversies surrounding the question should motivate researchers to identify the 
effects of the following variables in the research study: 1) hyperbaric therapy (increase 
in pressure) and oxygen therapy (increase in proportion of inhaled oxygen); 2) 
hyperbaric therapy alone; 3) oxygen therapy alone: 4) normobaric conditions and 
ambient air; and 5) study participation effect; 

e)  the variables and measurement instruments should be validated and should evaluate not 
only gross motor function (GMFM) and neurocognitive functions but also spasticity 
and changes in brain tissue documented by medical imaging techniques; and 

f)  a sufficient budget should be granted to meet all the conditions raised. 

Moreover, given that in Québec there are limited data on the epidemiology of CP and on the 
needs of pediatric patients and the implications for the care and services offered to them: 

Recommendation 2: It is recommended that granting agencies encourage and pursue 
serious research on the epidemiology of CP as well as on the needs of children with CP and 
issues related to the care provided to them. This research should be done in conjunction 
with key stakeholders and representatives of the parents of children with CP. 

Finally, the research studies in progress in the United States and elsewhere should be 
carefully monitored to better position Québec’s research initiatives in this area, but also to 
be able to put their applications to use in a timely manner. 

Recommendation 3: It is recommended that steps be taken to carefully monitor the U.S. and 
international studies in progress and to rigorously assess their outcomes and implications. 

9.2 To optimize safety 

While waiting for research to shed greater light on this issue, parents will continue to make 
use of HBOT in the hopes of seeing improvements in their children’s health status, and 
clinicians, convinced of the efficacy of HBOT in the treatment of CP, will want their 
patients to benefit from its expected effects. Such decisions must follow certain guidelines. 
The following recommendations comply with the position statement issued by the Collège 
des médecins du Québec with regard to unrecognized treatments: 

Recommendation 4: It is recommended that HBOT not be generally prescribed by 
physicians, except in the case of a formal research project. 

Recommendation 5: It is recommended that physicians treating children with CP inform 
parents wishing to use HBOT of the unrecognized status of this treatment modality, and how 
to minimize its associated risks. 

 
At the time our evaluation went to press, we identified, through a scientific literature watch, a report issued by 
the Australian Institute of Health and Welfare entitled “Therapy and equipment needs of people with cerebral 
palsy and like disabilities in Australia.” This report, published in December 2006, examines the needs of people 
with CP or similar disabling conditions. It does not treat hyperbaric oxygen therapy as a therapeutic modality. It 
also excludes all surgical and pharmacological therapies from its analysis. The report is interested specifically in 
rehabilitation therapies aimed at promoting independence, improving functional capacity and minimizing the 
consequences of the disability. The professional disciplines concerned are physiotherapy, occupational therapy, 
speech therapy, psychology and social work. The authors conclude that, on the basis of a literature review and 
information from discussion groups, these rehabilitation treatments as well as technical assistive devices are 
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essential to these people, and are key to sustaining their independence, promoting their social participation and 
contributing to their general well-being. According to the authors, this conclusion is obvious despite the current 
lack of research published on effectiveness. The authors also emphasize the great need for research in this area. 
Source: Australian Institute of Health and Welfare (AIHW) 2006. Therapy and equipment needs of people with cerebral palsy and like 
disabilities in Australia. Disability Series. Cat. No. DIS 49. Canberra: AIHW. 
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APPENDIX A 

FIGURE A–1 
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APPENDIX B 

 

List of Persons Consulted 

 
 Lucie Brunet, President and Chief Executive Officer, Clinique Hyperbare Magali Inc., and parent of a 

child with cerebral palsy (consulted October 24 and November 7, 2006); 
 
 Dr. Jean-Paul Collet, professor, Department of Epidemiology and Biostatistics, McGill University, 

principal investigator of the randomized controlled trial (RCT) entitled “Hyperbaric oxygen for children 
with cerebral palsy: A randomized multicentre trial,” conducted in Québec and published in The Lancet 
in 2001 (June 14, 2006); 

 
 Dr. Mario Côté, emergency physician and head of the Department of Hyperbaric Medicine, Centre 

hospitalier universitaire Hôtel-Dieu de Lévis (November 21, 2006); 
 
 Yves Deroy, hyperbaric chamber operator, Hôpital du Sacré-Coeur de Montréal (May 17, 2006);  

 
 Dr. Mario Dugas, pneumologist, Hôpital du Sacré-Coeur de Montréal (May 17, 2006); 

 
 Dr. François Gauthier, syndic (ombudsperson), Collège des médecins du Québec (CMQ), and Dr. Yves 

Robert, Executive Secretary, CMQ (May 9, 2006); 
 
 Paule Hardy, neuropsychologist, author of the article “Neuropsychological effects of hyperbaric oxygen 

therapy in cerebral palsy” published in Developmental Medicine & Child Neurology in 2002 (June 15,  
2006); 

 
 Jean Lambert, biostatistician and professor, Department of Social and Preventive Medicine, Faculty of 

Medicine, Université de Montréal, co-author of the RCT led by Collet (2001) (October 31, 2006); 
 
 Dr. Pierre Marois, physiatrist specialized in cerebral palsy, Department of Physical Medicine, Hôpital 

Sainte-Justine, co-author of the RCT led by Collet (2001) (June 18 and September 21, 2006); 
 
 Carole L. Richards, Director, Centre interdisciplinaire de recherche en réadaptation et intégration 

sociale, and professor, Department of Rehabilitation, Université Laval, Québec;  
 
 Dr. Michael Shevell, pediatric neurologist and professor, Departments of Neurology/Neurosurgery and 

Pediatrics, McGill University (October 16, 2006). 
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APPENDIX C 
CAUSES OF CEREBRAL PALSY 

Prenatal causes 

 Amniotic fluid embolism  
 Anoxia due to umbilical cord strangulation  
 Antepartum risk factors: severe pre-eclampsia, bleeding during pregnancy (placenta abruptio, 

placenta previa)  
 Inadequate prenatal care  
 Maternal abdominal injury during pregnancy  
 Maternal cardiovascular disorders complicating pregnancy  
 Maternal neurological disorders  
 Maternal drug or alcohol abuse or exposure to other toxic substances (thalidomide, carbon 

monoxide)  
 Maternal infections: rubella, toxoplasmosis, herpes simplex, syphilis, cytomegalovirus  
 Maternal metabolic and endocrine disorder: diabetes, hyperthyroidism  
 Mitochondrial disruptions  
 Multiple gestation  
 Placenta pathology: premature separation of the placenta, infarct  
 Rh incompatibility  
 Infertility treatment  
 Genetic causes  
 Low birth weight 

 
Perinatal Causes 

 Stroke at birth  
 Intrapartum fever  
 Fetal malposition  
 Mechanical respiratory obstruction  
 Premature delivery, delivery complications, low birth weight, respiratory distress  
 Trauma during labour or delivery, hemorrhage, use of forceps, breech delivery 

 
Acquired cerebral palsy resulting from: 

 Anoxic ischemic encephalopathy resulting from a near-drowning, near-hanging, near-electrocution, 
cardiac arrest, etc. Brain tumour  

 Nervous system infections: meningitis, encephalitis, brain abscess  
 Neurological complications from vaccination  
 Brain thrombosis or hemorrhage  
 Brain trauma, including shaken-baby syndrome 
 Uncontrolled high fever 

 
Sources: NINDS, 2006; Jain, 2004; Lawson and Badawi, 2003. 
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APPENDIX D 
CRITERIA FOR ASSESSING THE SCIENTIFIC 
QUALITY OF LITERATURE REVIEWS 

 
1.  Were the search methods reported? 
 
2.  Was the search comprehensive? 
 
3. Were the inclusion criteria reported? 
 
4. Was selection bias avoided? 
 
5. Were the validity criteria reported? 
 
6. Was validity assessed appropriately? 
 
7. Were the methods used to combine studies reported? 
 
8. Were the findings combined appropriately? 
 
9. Were the conclusions supported by the reported data? 
 
10. What was the overall scientific quality of the overview? 
 
 
 
Source: Oxman and Guyatt, 1991. 
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APPENDIX E 
NARRATIVE LITERATURE REVIEWS  

TABLE E-1 

Narrative Reviews 

REFERENCES IN 
SUPPORT OF THE 
ARGUMENTS* REFERENCE 

AND YEAR METHOD STUDY 
TOPICS 

M C H 

OTHER 
REFERENCES CITED 
BY THE AUTHORS 

REVIEW’S CONCLUSIONS 
REGARDING THE EFFECT OF 
HBOT ON CP 

Chambers, 
2002† 

Literature 
review  

N/A – √ –  –   There is a surprising lack of evidence on 
the efficacy of conventional therapies such 
as physiotherapy and occupational therapy 
and the new alternative therapies such as 
HBOT.  

Papazian and 
Alfonso 
2003 

Literature 
review  

Treatment √ √ √  Neubauer, Lancet 1990 
 Nuthall, 2000 
 Neubauer, Lancet 2001 
 Essex, 2003 

 There is no scientific evidence to support 
the use of HBOT in children with CP. 

Hailey 
(AHFMR) 
2003 

Literature 
review  

Treatment – √ √  MSAC, 2000 
 CETS, 2000 

 There is insufficient evidence to support 
the treatment of CP with HBOT. 

UHMS, 
2003 

Literature 
review  

N/A – √ –  Proceedings of the 2nd 
International Symposium 
on HBO for CP 

 The UHMS classifies HBOT among the 
unrecognized treatments. 

Rosenbaum, 
2003 

Critical 
review of the 
literature 

Treatment √ √ √  Neubauer, Lancet 2001 
 UHMS 2003 

 Despite anecdotes and much enthusiasm, 
there are no scientifically credible reports 
of changes in the motor function of 
children after exposure to hyperbaric 
oxygen therapy. 

Murphy and 
Such-Neibar, 
2003 

Narrative 
review 

Diagnosis and 
management 

– √ √  American Academy for 
CP, 1999 
 Nuthall, 2000 

 Most of the findings are based on highly 
subjective clinical observations. 
 There is no evidence substantiating the 
role of hyperbaric oxygen therapy in 
treatment of children with cerebral palsy. 

Essex, 
2003 

Narrative 
review 

Treatment √ √ –  Heuser, 2001  The majority of evidence for the 
effectiveness of HBO treatment in children 
with CP is anecdotal or based on poor-
quality trials. 
 Further randomized controlled trials are 
needed. 

Koman et al., 
2004 

Review of 
the literature 
from 1900 to 
2003 

Epidemiology, 
pathophysiology, 
diagnosis and 
management of 
CP 

√ √ √  Essex, 2003  On the basis of the current peer-reviewed 
scientific data, HBOT should be 
considered an experimental intervention 
until further randomized, placebo-
controlled, double-blind trials are 
completed. 

Harch,  
2004 

Narrative 
review 

HBOT and CP √ √ –  Machado, 1989 
 Others 

 Evidence in both animal and human 
studies is accumulating for a positive 
effect of LPHBOT in chronic adult and 
pediatric neurological conditions. 

* M: Montgomery et al., 1999; C: Collet et al., 2001; H: Hardy et al., 2002. LPHBOT : explain in words 
† The study by Chambers, the only study published in 2002 retained here, has been included because it was not taken into account in the 2003 AHRQ 
review. 
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Narrative reviews (cont’d) 
Goldstein, 
2004 

Narrative review Treatment √ – –  UCP Research 
and Educational 
Foundation 

 Currently, there are no clinically 
meaningful interventions that can 
successfully repair existing damage 
to the brain areas that control muscle 
coordination and movement. 

Sahni et al., 
2004 

Narrative review Treatment – – –  Harch, 2000  Evidence now shows that HBO 
therapy may dramatically improve 
some CP symptoms – spasticity, 
vision, hearing, and speech. 
However, improvement, if any, will 
vary from patient to patient. 

Liptak, 
2005 

Literature review  Treatment √ √ √  Packard, 2000 
 Marois and 
Vanasse, 2003 
 Rosenbaum, 
2003 
 AHRQ, 2003 

 There is insufficient evidence 
regarding the efficacy of HBOT for 
CP. More rigorous studies are 
necessary. 

Sosiak and 
Evans,  
2005 

Clinical overview Treatment – – –  UHMS, 2003  There is no valid research literature 
to support the use of HBOT to treat 
multiple sclerosis and CP in 
children. 

Patel, 
2005 

Literature review Treatment – √ –  AHRQ, 2003  At present, there is insufficient 
evidence to determine whether the 
use of HBOT improves functional 
outcomes of children with CP. 

Sharan, 
2005 

Critical review of 
the literature 

Treatment – – – –  HBOT is not mentioned as a 
therapeutic modality for CP in this 
literature review. 

Al-Waili et al., 
2005 

Literature review Treatment √ – √ –  Although data supporting the use of 
HBOT for patients with CP are 
lacking, . . . these results suggest that 
more controlled studies are 
necessary to define the role of 
HBOT in patients with CP. 

Krigger, 
2006 

Narrative literature 
review 

Etiology, 
diagnosis, clinical 
aspects and 
treatment 

– – –  Essex, 2003  No evidence-based indication 
currently exists for the use of HBOT 
in the management of patients with 
cerebral palsy. 

Instituto de 
Efectividad 
Clinica y 
Sanitaria, 2006 
 

Narrative literature 
review 

Diagnostic utility 
and indications 
for HBOT 

– √ –  Hailey, 2003 
 AHRQ, 2003 

 CP is one of the indications for 
which HBOT is not recommended. 

 
* M: Montgomery et al., 1999; C: Collet et al., 2001; H: Hardy et al., 2002. 
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