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VOLUME 1  - HYPERBARIC 

1.  (2012 & Selected) Bibliography US National Library of Medicine Hyperbaric Therapy for the 

Brain – 924 published articles available. 

2.  The Pacific Chapter Annual General Meeting of the Undersea & Hyperbaric Medical Society 

Robert Ostrowski – Medical Gas Research, 2011 Summary report – latest updates. Dr Dick Clarke/Dr 

Berendt – evidence not strong enough to conclude HBO effective in treatment chronic foot ulcers in 

diabetic patients. Dr Clarke – Necrotising soft tissue infections – conflicting, lack of evidence. Bony 

osteoradionecrosis (ORN) conflicting results. Dr Yogaratnam Cardiovascular – PCHBO improvements, 

reduced hospital stay – Dr Clarke praised. Dr Ostrowski HBO neural tissue – refers to Dr Zhang ‘world 

renowned expert’ – HBO stroke ‘recent discoveries of molecular pathways that underlie HBO action’, 

‘new treatment strategies that combine HBO to improve outcomes. HBO neuroprotective effects 

‘attracting audience attention’. Brain injury, global cerebral ischemia – HBO upregulating effects 

promoting neurogenesis; downregulating Neuroinflamm, toxic metabolites, apoptosis. ‘Undergoing 

studies point towards the important role of HBO in activation of neurogenesis which carries significant 

potential for regeneration of the brain’ etc. Discussion raised concerns that studies of HBO and neural 

tissue may not be long enough or intensive enough to provide significant improvement in the clinical 

setting’. Dr Ostrowski – HBO positive organ transplants down regs of cytokine cascade and TNF-alpha. 

Dr Michael Strauss osteomyelitis excellent 80%; Cases presentations – flap repair @ 2ATA. Dr Sprau - 

HBO in acute postsurgical optic neuropathy; Dr Sadri- HBO in embolism;  

Future Studies and Conclusions – Presentation of many novelties and often highly experimental 

approaches frequently led to controversy that stirred vivid discussion on the future directions for 

hyperbaric medicine. Certain case reports raised criticism of other hyperbaric medicine practitioners 

over too conservative treatment. During the meetings several practitioners were trying to work out 

the consensus between the basic science results and the emerging clinical practise in HBO. They 

stressed the existing gap between these TWO fields and postulated to increase translatability of 

laboratory investigation.          

3.  Hyperbaric Oxygenation Promotes NeuroGenesis Manual – Hooper 2012 - HBO UP REGULATES - 

Cerebral Oxygenation; Neural Protective; Stem Cell (CD34+) Mobilization via NOS; Neural Stem Cell 

Proliferation in Subventricular Zone (SVZ) and Hippocampal Dentate Gyrus (DG); Beta-Catenin & Wnt-

3; Nrf2 Antioxidant; IL-10 and TGF-Beta; Glial Cell Derived Neurotrophic Nerve Growth Factors 

(GDNF); Brain Derived Growth Factors (BDNF); Vascular Endothelial Growth Factors (VEGF); Fibroblast 

Growth Factors (FGF); Human Microvascular Endothelial Cells (HMEC-1) and Coronary Artery 

Endothelial cells (CAECs) promoting Angiogenesis; Improves Blood Brain Barrier function; Promotes 

Aerobic Mitochondrial Function; NOS3; ‘Reverse Steal’ (diversion blood from non-injured tissues into 

injured tissue); Activates (switches-on) dormant inactive neurons (penumbra zone); Glucose uptake 

into ischemic core; Fosters Plasticity by reducing Nogo-A. 
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HBO DOWN REGULATES - Infarction size and injury reoccurrence; Hypoxic Induced Cascade (Hypoxic-

inducible factor alpha); Inflammatory Cytokines (IL-1, IL-6, and TNF-a); MCP-1, macrophage 

inflammatory protein-1α; c-Jun N-terminal kinases (JNKs); Matrix metalloproteinase-9 (MMP-9) - BBB 

inflammation hemorrhage - Extracellular vascular matrix degeneration; Prostaglandin E2 and cyclo-

oxygenase-2 mRNA; Polymorphonuclear leukocytes (PMNL), Endothelial Adhesion Molecule E-selectin 

and Intracellular Adhesion Molecule-1 (ICAM-1) via NOS; Lactate and Pyruvate in CSF. 

4.  Hyperbaric Oxygenation Promotes NeuroGenesis Support Articles – Hooper 2012 – 36 pages – 

latest PUBMED articles support HBOT and Neurogenesis 

5.  Application of Medical Gases in the field of Neurobiology Medical Gas Research 2011, 1:13 – 

Zhang – NOTE Figure 1 page 2 Stem Cell Mobilization - Oxygen via HBO is an ‘ideal’ protective agent 

– simple to administer, easily diffuses to target tissue, well tolerated, compared to drugs it can be 

safely delivered at 100% without side effects and can be combined with other treatments. Hyperoxia 

upregs aerobic metabolism, cellular oxygenation; bactericidal. Brain 2% total body weight received 

20% of bodys consumption O2. HBO opens collaterals ‘reverse steal’ diversion blood from non-

injured to injured site - neovascularization. HBO upregs ATP aerobic mitochondria downregs lactate 

and pyruvate in CSF. Both normobaric and HBO achieve brain tissue oxygenation >200mmHg 

upregulating mitochondrial function, significantly greater improvement in cerebral blood flow, 

cerebral metabolic rate of O2 changes in CSF lactate.  

HBO more robust that normobaric on oxidative cerebral metabolism. HBO can reverse the downward 

trend of glucose utilization in the ischemic core which may explain benefits of HBO in cerebral 

ischemia! HBO downregs inflamm, adhesion molecules and chemokines (PMNL, glycoproteins 

CD11/CD18). HBO downregs endothelial adhesion molecules E-selectin and intracellular adhesion 

molecules (ICAM). HBO upregs endothelial NOSynthase which upregs NO protein that downregs 

PMNL adhesion to vascular endothelial. HBO downregs mRNA protein of COX2 a key enzyme of 

prostanoid metabolism causing inflammatory cascade. HBO limits PMNL at infarct by downreg HIF 

chemokine responses. HBO inhibits apoptosis (NOTE HOOPER site 2007). HBO preserves BBB 

reducing vascular leakage. MRI demonstrates both HBO and normobaric significantly reduces post 

ischemic BBB permeability. HBO downregs BBB permeability, reduction MMPs (enzymes causing 

degeneration of extracellular matrix and vascular basement membrane). HBO reduces ICP, edema. 

HBO upregs plasticity by downregs Ngo-A; neural plasticity upreg in hippocampus by upreg Map-2 

expression and decreasing GEAP.  

Boerema 1960 demonstrated exsanguinated pigs survive in HBO. Delayed and repeated HBO can 

expand therapeutic window promoting neurogenesis reducing stroke recurrence. HBO downregs 

cytokines, glutamate transporters, TNF-alpha, Nuclear Factor-B (NF-B), ribosomal protein S6 kinases, 

mitochondrial ATP sensitive potassium. 

Neuroprotective effects in global ischemia shown in forebrain ischemia, surgical brain injury, ischemia 

reperfusion injury, neonatal HIE, intracranial He and spinal cord ischemia.  
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6.  

 

JNK Signaling Linking Neuroinflammation, Blood-brain Barrier Disruption and 

Oligodendroglial Apoptosis in White Matter Injury of the Immature Brain Journal of 

Neuroinflammation, 2012 – Hypoxic Ischemia causes PVL of white matter injury thru JNK, TNF-a, HIF 

upregulation causing BBB inflammation, leakage, neuroinflammation, cytokines, microglial 

differentiation, oligodendroglial apoptosis,  Ca2+ influx, perivascular aggregation, macroinflammatory 

protein accumulation, PMNL, endothelial adhesion and intracellular adhesion molecules – progressive 

apoptosis. 

7.  Tumor Necrosis Factor-alpha Enhances Hyperbaric Oxygen-induced Visfatin  Expression via JNK 

Pathway in Human Coronary Arterial Endothelial Cells Journal of BioMedical Science, 2011 – HBO 

elevates visfatin protein – visfatin protein increases glucose uptake in CAECs (human coronary arterial 

endothelial cells) formation and migration causing upregulation of  angiogenesis, VEGF, Fibroblasts 

GF2, Nrf2 via NOS – stem cell mobilization bone marrow responses via NOS. 

8.  Inflammatory Mechanisms in Ischemic Stroke: therapeutic approaches Journal of Translational 

Medicine, Nov 2009 – ischemia cascade cytokine proinflammatory responses – Nrf2 antioxidant able 

to salvage penumbra but not ischemic core. Nrf2 upregulation may reduce perivascular aggregation, 

macro inflammatory protein accumulation, PMNL, endothelial adhesion and intracellular adhesion 

molecules – reduces neuronal inflammation, death and progressive apoptosis. Ischemia causes 

microglial differentiation into phagocytes which release proinflammatory cytokines – TNF-alpha, IL1, 

IL6, prostanoids, cell adhesion molecules - further damaging penumbra. IL10 is an anti-inflammatory 

cytokine inhibits IL1 and IL6 and reduces TNF-alpha reducing infarct size and reoccurrence. 

Macrophage inflammatory protein and matrix metalloproteinase (MMPs) are cytokine upregulated. 

Brain Plasticity occurs in SVZ and DG via neurogenesis.   

9.  Stem Cell Therapy for Autism Journal of Translational Medicine, June 2007 – Autism causative 

include cytokine inflammatory responses, hypoperfusion (hypoxia) directly impacts cognition and IQ.  

Cytokine induces astrocytes upregulates TNF, IL1 and IL6, MMP, MCP, HIF and apoptosis. Cord blood 

CD34+ are known to potentiate angiogenesis. 

10.  Therapeutic Effect of Hyperbaric Oxygen in Psoriasis Vulgaris Glenn Butler et al, 2009 – Psoriasis 

is an inflammatory and immunological disease. HBO promotes proliferation of fibroblasts, epithelial 

cells, and blood vessels in a wound. It can increase the killing ability of leukocytes and is lethal to 

certain anaerobic bacteria. Furthermore, it inhibits toxin formation by certain anaerobes, increases the 

flexibility of red cells, reduces tissue edema, and conserves intracellular ATP. HBO has potential effects 

on mediators of inflammation and the immune response. HBO has anti-inflammatory and 

immunosuppressive properties. These properties make this treatment a potentially useful intervention 

that should be tested in the management of psoriasis and psoriatic arthritis. HBO suppresses the 

proliferation of macrophages and the formation of foam cells in atherosclerotic lesions. HBO also 

intensifies the suppressive function of T lymphocytes, normalizes cell-bound immunity, and decreases 

the serum concentration in immune complexes]. The immunosuppressive effects of HBO include 

suppression of autoimmune symptoms, decreased production of IL-1 and CD4+ cells, and increased 



Hooper Summary Supporting Articles Index 

4 
 

percentage and absolute number of CD8+ cells. In addition, long term HBO exposure suppresses 

development of autoimmune symptoms such as proteinuria, facial erythema, and lymphadenopathy. 

HBO decreases the CD4:CD8 ratio and proliferation of lymphocytes, and activates neutrophils to 

migrate to regions of high oxygen tension. HBO suppresses TNF-a production induced by 

lipopolysaccharide, lipid A, and phytohemagglutinin-A. A marked decrease in IL-1 and IL-2 

production, and a significant decrease in prostaglandin E2 production have been observed. The 

positive clinical effects that HBO has in the treatment of chronic inflammation may relate to its effects 

on secretion of IL-1, IL-6, and TNF-a. The effects of HBO on prostaglandin, nitric oxide, and cytokines 

involved in wound pathophysiology and inflammation in particular were recently reviewed. That 

review indicates that HBO has important effects on the biology of cytokines and other mediators of 

inflammation. HBO causes downregulation of cytokines and upregulation of growth factors. It 

transiently suppresses stimulus-induced proinflammatory cytokine production and affects the 

liberation of TNF-a and endothelins. Vascular endothelial growth factor levels are significantly 

increased with HBO therapy, whereas levels of prostaglandin E2 and cyclo-oxygenase-2 mRNA are 

markedly reduced. Therefore, the anti-inflammatory and immunosuppressive properties of HBO might 

account for its efficacy in the cases presented here.  

Summary: HBO anti-inflammatory effects on immune responses associated with psoriasis and arthritis. 

Cytokine changes in psoriatic lesions include TNF-alpha, IL1, IL2, IL6, IL8, IL12, IL17, IL19, multiple 

chemokines. HBO supress proliferation of macrophages and formation of foam cells in atherosclerotic 

lesions. HBO intensifies suppressive effects of T lymphocytes, normalises cell bound immunity, 

suppression autoimmune symptoms, down regulates IL1 and IL6; decreases CD4:CD8 ration and 

proliferation of lymphocytes and activates neutrophils to migrate into regions of high oxygen tension; 

HBO supresses TNF-alpha production; HBO downregulates IL1 and IL6; prostaglandin E2. HBO 

downregulates proinflammatory cytokine cascades and upregulates growth factors, VEGF, 

neurogenesis etc.    

11.  The Use of Hyperbaric Oxygen Therapy to Treat Chronic Wounds: A QLD Review Wound Healing 

Society, 2008 Growth factors such as VEGF, EGF, and TGF-b stimulate the systematic rearrangement of 

endothelial cells from neighboring blood vessels. The cells elongate and align to form a capillary 

sprout, extending away from the original vessel (see Figure 2). This signals the start of angiogenesis, a 

critical process in the healing of a wound. Angiogenesis, the formation of new blood vessels from 

preexisting ones, is oxygen dependent in that oxygen is needed for collagen deposition which, in turn, 

provides the scaffold on which blood vessels can form. Hypoxia-inducible factor (HIF) is known to up-

regulate the production of VEGF, which stimulates endothelial cell proliferation and thus aids 

angiogenesis during the proliferation phase. Progenitor cells differentiate into early endothelial 

progenitor cells in the bone marrow and further differentiate into late endothelial progenitor cells in 

the vasculature system before arriving at the site of vessel formation. Some authors have argued that 

a significant contribution to new blood vessel growth is made by the process of vasculogenesis. In the 

proliferative phase, angiogenesis requires oxygen and maximum angiogenesis demonstrated at 

2.0ATA. In the remodeling stage, the production of collagen by fibroblasts is well-documented as 
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being dependent on oxygen. It should be noted that the evidence supporting the use of HBOT for 

chronic wounds is limited mainly to diabetic wounds. Whether HBOT is effective or not, there is the 

question as to whether or not HBOT is cost effective. In their reports to the Australian Federal 

Government, the Medical Services Advisory Committee (MSAC) stated that although there is evidence 

of HBOT’s effectiveness in treating diabetic wounds, there is inadequate proof to show that the use of 

HBOT is cost-effective. Even among those that advocate the use of HBOT in wound healing, the HBOT 

protocol varies significantly. There is still much uncertainty surrounding the choice of a regimen that 

will obtain the optimal therapeutic affect of pressure, duration of treatment, and number of repeat 

sessions of HBOT for the healing of chronic wounds. Moreover, there is insufficient evidence to 

ascertain at which stage of the healing process to start the treatment. Some authors think that the 

stimulation of angiogenesis is one of the most important features of HBOT in the treatment of chronic 

wounds. Hopf et al. concluded that angiogenesis was significantly greater in all hyperoxic groups 

compared with room air-exposed controls. The positive effects of HBOT stem from the benefit of 

increasing the tissue oxygen tension and/or pressure within the wound site and include:  1. Alteration 

of ischemic effect. 2. Reduction of edema. 3. Modulation of the production of nitric oxide. 4. 

Modification of the effect of growth factors and cytokines. 5. Promotion of cellular proliferation. 6. 

Acceleration of collagen deposition. 7. Stimulation of capillary budding. 8. Accelerated microbial 

oxidative killing. 9. Interference with bacterial proliferation. 10. Modulation of the immune system 

response. 11. Enhancement of oxygen radical scavengers, thereby reducing ischemia reperfusion 

injury. Therapeutic effects such as increased collagen synthesis, improved bacterial killing, and 

antibiotic potentiation have been reported to occur during the periods of elevated oxygen tension, 

while other effects including suppression of bacterial propagation, down-regulation of inflammatory 

signals, and prevention of leukocyte activation and adhesion following ischemic reperfusion may 

continue even once the treatment has ceased. 

12.  Hyperbaric Oxygen Therapy and Cerebral Ischemia: Neuroprotective Mechanisms -Zhang. XL – 

Neurol. Res, 2009 – HBO upregs cerebral oxygenation, reduced BBB breakdown, downs inflamm, 

edema, oxidative burden, metabolic derangement, HIF 1alpha, MMP-9, COX2, apoptotic cell death, 

and neural regeneration by inhibiting Nogo-A. 

13.  Non-hypoxic Stabilization of Hypoxia-inducible Factor Alpha (HIF-alpha) Relevance in Neural 

Progenitor/Stem Cells. Neurotox Res, 2009 – HIF-alpha promotes cytokine degeneration. HBO 

downregs HIF and induces neurogenesis. 

14.  Hyperbaric Oxygen Promotes the Migration and Differentiation of Endogenous Neural Stem 

Cells in Neonatal Rats with Hypoxic Ischemic Brain Damage Dept. Pediatrics, Xiangya Hospital 

China – PubMed, 2009 – HBO promotes neurogenesis to migrate to regions of ischemia. 

15.  Proliferation of Neural Stem Cells Correlates with Wnt-3 Protein in Hypoxic Ischemic Neonate 

Rats After Hyperbaric Oxygen Therapy Wang. XL – Dept. Pediatrics, Xiangya Hospital, China – 

Neuroreport, 2009 – HBO upregs Wnt-3 protein which upregs neural stem cell proliferation 

16.  Hyperbaric Oxygen Induces Endogenous Neural Stem Cells to Proliferate and Differentiate in 
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Hypoxic-ischemic Brain Damage in Neonatal Rats Wang. XL – Undersea Hyperbaric Medicine, 2008 

– HBO is neuroprotective promoting neural stem cells (NSC) in subventricular zone (SVZ) and dentate 

gyrus (DG) contributing to neurogenesis and brain plasticity. 

17.  Attenuating Experimental Spinal Cord Injury by Hyperbaric Oxygen: Stimulating Production of 

Vasculoendothelial and Glial Cell Line-derived Neurotrophic Growth Factors and Interleukin-10 

Graduate Inst. Clinical Medicine, Taipei – Journal of Neurotrauma, June 2010 – HBO diminished infarct 

size, diminished lower limb dysfunction, downreg IL1 and IL6, TNF, HIFalpha, -upreg VEGF, GDNF IL10 

via NOS 

18.  Reduced Infarct Volume and differential Effects on Glial Cell Activation After Hyperbaric 

Oxygen Treatment in Rat Permanent Focal Cerebral Ischemia - Dept. Neurology, Leipzig, Germany 

– Euro Journal of Neuroscience, Jun 2005 – HBO increased O2 supply to infarct and reduces neuronal 

loss; reduces infarct size; downregs microgliosis and cytokine proinflammatory responses. 

19.  O2 Regulates Stem Cells Through Wnt/β-catenin Signalling University of Pennsylvania – Natural 

Cell Biology, Oct 2010 – stem cells reside in specialised ‘niches’. O2 availability has a direct role in 

stem cell proliferation thru HIFalpha and Wnt3 signalling. 

20.  Forebrain Neurogenesis After Focal Ischemic and Traumatic Brain Injury University of Texas 

Southwestern Medical Center, Oct, 2010 – neural stem cells persist in adult forebrain and are potential 

source of repair and neurogenesis after brain injury. Neurogenesis potentiates in SVZ and DG 

migrating neural stem cells into penumbra.  

21.  Brain MRI & CT Angiography with Clinical Correlation from Prospective Hyperbaric Oxygen in 

Chronic Stable Brain Injury Moderator: Mike Bennett – Undersea Hyperbaric Medicine – UHMS 

45th Annual Scientific Meeting, 2012 – open non controlled clinical trial with pts with chronic 

sequelae from stroke, hypoxia or trauma. Pre measure assessment MRI and CT perfusion ONLY. 40 

HBO 1.5ATA 60-minutes. Summary – Brain scans improved over 3-months but we found no dramatic 

clinical correlation with functional and ‘patient reported’ outcomes!      

22.  International Hyperbaric Medicine Association - How HBOT Works – It’s Just Oxygen. HBOT 

Saturates Body Fluids and Uses Oxygen to Repair. Real Recovery for War Veterans IHMF website 

2012 – O2 ups 5,769+ cellular responses; activates 8,101 genes. Downregs inflammation processes; 

upregs growth and repair processes; Normobaric O2 does NOT. We KNOW HBO acutely stops 

swelling/reperfusion injury; restarts stunned cellular metabolism, regrows blood vessels, activates 

stem cells 8xnormal. No wound can heal without O2; wounds that have not healed – do; wounds heal 

50% faster with less scar tissue; broken bones heal 30% faster and 30% stronger. Placebos have to 

have the potential of being inert. Saturating injured tissue with oxygen has never been shown to have 

a placebo effect! Veterans of the current War on Terror have experienced concussive blast injuries. 

HBO 1.5 ATA has helped 100% of those who have completed their first 40 HBO sessions achieve 

clinically significant recovery. It is possible to rebuild a brain in 120 days with 80-HBO treatments. 

23.  International Hyperbaric Medicine Association - An Employment Program for Unemployed or 
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Discouraged Worker Veterans of the Gulf War IHMA – Veterans Career Employment Centre, 2012 – 

refers to Pilot Study Journal of NeuroTrauma 2011 – quotes Paul Harch ‘Phase 1 Study HBO 1.5ATA 

for Blast Induced Post-Concussion Syndrome and PTSD’. All subjects significant improvement in 

intelligence, function and quality of life. At 40 HBO (recommended 80 HBO) 39% reduced post-

concussion syndrome, 87% reduction headaches; 30% improved PTSD, 51% reduced depression, 64% 

reduced need for psychoactive or narcotic meds, 92% sustained improvements 6-months post 

treatment. Functional improvements – cognition 39%, physical 45%, emotional 96%. Significant 

reduction in anger issues!          

24.  Phase 1 Study of Low-pressure 1.5 ATA Hyperbaric Oxygen Therapy for Blast-Induced Post-

Concussion Syndrome & PTSD - P Harch, 2012 Significant improvements symptoms, abnormal 

physical exam findings, cognitive testing, quality of life, significant improvement SPECT. 16 post war 

veterans suffering blast induced PTSD. MRI reported normal in all 16 prior to HBO. Pre post 

measurement SPECT. 

25.  International Hyperbaric Medicine Association - Please Pass The TBI Treatment Act IHMA, March  

2012 - Submission to Congress to fund TBI using HBO 1.5ATA – request for 5-year pilot funding            

26.  International Hyperbaric Medicine Association Table: Hyperbaric Medicine Sites Who Treated 

Wounded Warriors with Hyperbaric Medicine Mar 2012 

27.  Bennett UNSW - HBO Evidence: Hyperbaric oxygen therapy improved intracranial pressure and 

multiple markers of cerebral metabolic function when added to a comprehensive intensive 

treatment protocol for acute traumatic brain injury (Rockswold2): UNSW – HBO Evidence – 

Appraised by M Bennett, April 2012 – ‘There were improvements in multiple indicators of cerebral 

metabolic function and oxygenation following HBO, ICP decreased significantly following HBO. 

Improvements persisted. (SHAM) Control 100% O2 at 1.0 ATA. Experiment 100% at 1.5 ATA. 1-hour 

daily for 3-days!!!! 

28.  UNSW- HBO Evidence: Some evidence for placebo improvement in anxiety and depression 

scores following sham hyperbaric therapy in patients with diabetic ulcers (Abidia3) UNSW – 

HBO Evidence – Appraised by M Bennett, Jan 2002 21% O2 at 2.4 ATA 90-mins 30-sessions. Vs 100% 

O2 2.4 ATA 90-mins 30 sessions. 2.4 ATA 21% O2 is NOT A CONTROL – Both groups improved in 

anxiety and depression! 

29.  Gene Expression in Tumor Cells & Stroma in dsRed 4TI Tumors in eGFP-Expressing Mice With & 

Without Enhanced Oxygenation BMC Cancer, 2012 – Tumor microenvironment is pivotal to tumor 

progression. Hyperoxia induced a significant tumor growth inhibitory effect.            

30.  Hyperbaric Oxygen Treatment for Inflammatory Bowel Disease: a systematic review & analysis     

Daniel Rossignol – BioMed Central, 2012 – IBS, Crohn’s and Ulcerative Colitis – report significant 

upreg IL1, IL6, TNF-alpha. One study reports downreg IL6 with HBO. HBO downreg proinflam markers. 

HBO down reg NOS, prostaglandins E2; decreased edema colonic tissue, 8-studies report improved 

microscopic histopathology. HBO downreg oxidative stress.          
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31.  Hyperbaric Oxygen Therapy for Treatment of Children with Autism: a systematic review of 

randomised trials Ahmad Ghanizadeh – Medical Gas Research, 2012 – Neuroinflamm and autism. 

HBO improves cerebral oxygenation, reduces brain inflammation and downregs oxidative stress. HBO 

decreases C-RP and plasma IL1, IL6, IL8, IL13, IL17 in kids with autism. Recommend studies various 

differing pressures.       - 

32.  Role of Hyperbaric Oxygen Therapy in Severe Head Injury in Children Journal of Pediatric 

Neuroscience, 2012 Advait Prakash – 56-kids with head injury. HBO significantly better than control 

on ALL parameters with decreased hospital stay, drastic reduction in disability, better GCS. Conclusion 

– children with TBI – the addition of HBO significantly improves outcome and quality of life and 

reduced risks of complications. Discussion HBO in chronic brain injury – based on theory that there 

are inactive cells that have potential to recover. Idling neurons exist in the ischemic penumbra a 

transition area of dormant neurons between areas of dead tissue and the unaffected healthy tissue. 

O2 availability stimulates the cells to function normally, reactivating them metabolically or electrically. 

Restoring O2 stimulates angiogenesis and new synaptic connections among previously dormant 

neurons. 

 

33.  VOLUME 2 (2011-1998) 

Australian Chiro Reprimanded for Disgraceful & Dishonourable Off-label Treatment and 

Promotion Hyperbaric Oxygen Therapy News, Oct 2011 

34.  Hyperbaric Oxygenation Therapy in the Treatment of Cerebral Palsy: a review and comparison 

to currently accepted therapies Journal of American Physicians & Surgeons, Vol 12, No 4, 2008 

Pierre Marios Hyperbaric oxygenation therapy (HBOT) has shown promise in clinical trials and is 

sought by many parents of children with cerebral palsy (CP). There is unusual resistance to expanding 

the indications for this modality, A recent study that showed notable improvements in children with 

CP treated with slightly pressurized air, as well as those treated with a standard protocol for HBOT, is 

invoked to deny effectiveness of HBOT. Political and economic considerations, rather than purely 

scientific ones, play an important role in this controversy. Further systematic research is needed, but in 

the meantime children should not be denied access to HBOT. In 1994 Harch reported the first North 

American case of HBOT in a child with cerebral palsy (CP). Around the year 2000, some researchers 

affirmed that, following HBOT, some patients with CP experienced improvement in motor function, 

and decreased muscle spasms. Controversy soon developed in the newspapers. Political factors have 

impeded further research and the adoption of new clinical applications. CP is most often caused by an 

ischemic/hypoxic injury during the perinatal period. While hypoxia may cause cell death, there may 

sometimes be a zone called the “ischemic penumbra,” in which brain cells receive just enough oxygen 

to survive, but not enough to function normally. Since that discovery, many have asked the question: 

to what extent can HBOT reactivate damaged neurons? It is generally admitted that the cells to which 

the blood flow is dramatically reduced for 10 minutes or so (less than 10 ml of blood per 100 g of 
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brain tissue per minute) undergo necrosis and form the core of a lesion. With less severe hypoxia, 

some researchers believe that cells can survive for a long time in an “idling” state, and might be 

reactivated if blood flow is restored. Those who observed a decrease in spasticity and functional 

improvements with HBOT hypothesized that neurons might be viable but inactive much longer than 

previously believed.  At 1 ATA 21% (normal air) 0.32ml of O2  dissolved in 100 ml of blood, 1 ATA 

100% 1.7ml O2 dissolved in 100 ml of blood and at 2 ATA 100% 3.7ml O2 in 100 ml of blood. The first 

pilot study was conducted by Montgomery et al. and showed that 25 patients with CP presented a 

significant increase in their gross motor functions (5.3%) and fine motor functions, along with a 

decrease in spasticity, following 20 sessions of HBOT (95% oxygen at 1.75 ATA for 60 minutes). The 

video exams of the children before and after HBOT were blindly evaluated and the post-HBOT exams 

were picked as the better exam about 65% of the time. Later studies also demonstrated positive 

results: see Table 3.  

Collet et al. conducted a study intended to fill in the gaps of the study by Montgomery et al. Collet et 

al. studied 111 children: The “study” group of 57 received 40 sessions of HBOT with 100% oxygen at 

1.75 ATA. The “control” group of 54 received air at 1.3ATA, also in a hyperbaric chamber. Both groups 

had 60-minute sessions 5 days a week for 8 weeks. Of the 111 children, 107 completed the treatment 

series, and 101 had a 3-month follow-up. Gross motor function was assessed using the GMFM (Gross 

Motor Functional Measure), a standardized tool that is considered the most reliable and objective way 

to measure gross motor function in children. The children stopped all other interventions while they 

underwent HBOT, so the improvement in GMFM occurred in the absence of other therapies. Both 

groups, receiving two different dosages of hyperbaric treatments, improved very significantly 

following the interventions. The progress persisted after 3 months. During the 2 months of treatment 

the rate of progress was 15 times faster than during the 3 months follow-up when all usual therapies 

were reintroduced. No significant differences were noted between the two groups. Scores improved 

by 2.9 units in the HBOT group and 3.0 in the pressurized air (“control”) group, = .544. Other 

assessments included performance in daily activities, attention, memory, and language. Both groups 

improved significantly in these areas, with no significant difference between them.  

The researchers postulated that either the two treatments were equally effective or that the mere act 

of participating in a trial that promoted communication with other motivated children and parents 

had a positive effect. The criteria for acceptable proof of effectiveness of HBOT are inconsistent. For 

example, the use of HBOT was accepted by the Undersea and Hyperbaric Medical Society in 1996 for 

treating intracranial abscesses on the basis of only 19 cases (13 cases in Germany and six in the 

United States). On the other hand, HBOT for CP has not yet been recognized by the UHMS despite 

the publication or the presentation in international meetings of more than 650 positive cases. 

Broadening the applications of HBOT since the 1980s in the absence of the unequivocal 

demonstration of a pathophysiologic mechanism, in cases of neurological problems among others, 

has led to HBOT being labeled as “alternative” or “experimental.” Proponents of “evidence-based 

medicine” have been reticent about acknowledging new indications. The 10 studies on the treatment 

of CP with HBOT presented in Table 3, even though some have a small number of participants, have 
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all demonstrated significant and often impressive improvements compared with what is seen from the 

majority of known and accepted therapeutic approaches for this condition depending on the age and 

the severity of the condition of children with CP, the rate of progress (see Table 4) measured with the 

GMFM can be up to five times higher than the one obtained with intensive physiotherapy (PT) or even 

after rhizotomy followed by intensive PT. So far, no recognized approaches in the treatment of CP 

have shown faster or more impressive positive changes in gross motor function. Moreover, most 

recognized approaches like PT or rhizotomy do not improve cognition or communication.  

HBOT has an effect on global function of the brain and, besides the very important changes in motor 

function, the most common improvements reported by more than 80% of the parents are in cognition 

and language. Lack of rigor in certain research, such as weaknesses in the selection of patients and/or 

nonstandard protocols, is responsible for the lack of acknowledgement of HBOT, according to 

Locklear. However, if this argument were the only reason for the neglect of or opposition to HBOT, 

how could one explain that several approaches (e.g. botulinum toxin) used with the same population, 

and which had not been the subject of double-blind research, are nonetheless widely accepted and 

have been paid for by the health care systems in Canada for more than 10 years? The funding 

organization, the Fonds de Recherche en Sante du Quebec (FRSQ), minimized the fact that significant 

improvement in the state of the participants did indeed take place and attempted to make everyone 

believe that the treatment at 1.3 ATA was simply a placebo. This misinformation has since been 

repeated several times.  

We know that pressurized air at 1.3 ATA increases the plasma oxygen concentration by more than 

30%. This effect, delivered by a “Gamow bag,” saves lives endangered by “mountain sickness” during 

high-altitude trips every year. The study by Collet et al. has measured and documented the substantial 

effect of a small increase in pressure, even without supplemental oxygen. 

Disagreement among researchers is a common occurrence in the scientific world. However, in this 

case, it appears that Collet and the FRSQ wanted to save their hypothesis instead of submitting to the 

verdict established by the facts. Indeed, when the results proved positive for the two groups, whereas 

quite obviously one expected either insignificant results or a significant difference between the two 

groups, Collet and the FRSQ preferred to minimize the results of HBOT, instead of acknowledging an 

effect of the air treatment at 1.3ATA. Controversy about the study began even before publication. The 

editor requested that there should not be any reference to the treatment of the control group as 

“inert” or “placebo” rather, it should be called precisely what it was: slightly pressurized air. Following 

publication, a disagreement among the authors of this study with regard to the “official” 

interpretation of the results spread to several scientific journals. The “official” conclusion was that 

HBOT was ineffective for CP, without considering the improvements, which were indeed noteworthy, 

and even impressive, for both groups. Misinformation about this research reached its peak when, 

following its publication in the,  an official communique published by FRSQ in 2001 changed the title 

and the conclusion. The title of the published paper was: “Hyperbaric Oxygen for Children with 

Cerebral Palsy: A Randomised Multicentre Trial” but in the communique FRSQ entitled it: “No 

Advantage of High-Pressure Oxygen for Treating Children with Cerebral Palsy ” Despite the 
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significant results reported in the study, the communique stated: “hyperbaric oxygen therapy 

produces no therapeutic effect in children with cerebral palsy.” This Lancet communique gave rise to 

anger and indignation among many researchers as well as among the families who participated in the 

research and who had noted significant progress in their children. More recently, the U.S. Agency for 

Healthcare Research and Quality (AHRQ) concluded that the presence of pressurized air during the 

research might have had a beneficial effect on motor functions. It stated: “The results of the only truly 

randomized trial were difficult to interpret because of the use of pressurized room air in the control 

group. As both groups improved, the benefit of pressurized air and of HBOT at 1.3 to 1.5 atm should 

both be examined in future studies…. The authors of the trial thought that the children in both groups 

improved because participation in the study provided an opportunity for more stimulating interaction 

with their parents.… This is speculative, however, because there was no evidence to suggest that the 

parents and their children had less time together, or less stimulating interaction, before the study 

began....The possibility that pressurized room air had a beneficial effect on motor function should be 

considered the leading explanation.”  

Despite controversy about the results, the study of Collet et al. paved the way for further research in 

HBOT for CP. The question about what did produce the improvements in participants demands an 

answer. It would certainly be beneficial to repeat the study, this time with one group with pressurized 

100% oxygen, one group with pressurized air at 1.3ATA, one group at 27% of O2 at 1ATA, and one 

group with unpressurized air, the last serving as the true control group.  

Those results might even demonstrate that HBOT as defined by the UHMS in 2006 (100% O2 at a 

minimum of 1.4ATA) is not necessary for treating children with CP if an attenuated treatment, slightly 

pressurized air (21% O2 at 1.3 ATA) or even 27% O2 at 1ATA, can do the job. Until very recently, the 

Quebecois Government’s position was not very favorable toward any additional research on the 

effects of this treatment on children with CP. Adopting that position, it aligned itself with the position 

adopted by Health Canada in 2006, which recognizes the effectiveness of HBOT in the treatment of 

certain conditions but formally challenges its effectiveness for CP, by stating: “right now, nothing has 

demonstrated the usefulness of this treatment.” Nevertheless, a law enacted in March 2005 authorizes 

the Department of Revenue of Quebec to grant tax credits to Quebecois families to treat children with 

CP with HBOT. Moreover, in May 2006, the Department of Health of Quebec entrusted to the Agence 

d’Evaluation des Technologies et des Modes d’Intervention en Sante (AETMIS) the mandate to 

examine the effectiveness of HBOT in CP. The AETMIS report concluded there was enough evidence 

to recommend further investigation on the effect of HBOT in CP.  In the meantime, given the very low 

risk of adverse effects and the promising results, children should be allowed access to HBOT.  

35.  Hyperbaric Oxygen Therapy & Cerebral Palsy - Where to Now? Undersea Hyperbaric Medical 

Society, Vol 32, No 2, 2007 M Bennett - In up to 50% of CP cases, no definitive causal etiology can be 

delineated. Of the remaining, a wide variety of perinatal etiologies have been identified, including 

hypoxia/ischemia, stroke, trauma, infections, and chromosomal and genetic syndromes. The 

neuropathology is also variable, but usually includes one or more of the following: periventricular 

leukomalacia (PVL; strongest risk factor), germinal matrix hemorrhage (often associated with PVL), 
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cerebral arterydistribution infarcts, and gray-matter ischemic lesions of the thalamus and basal 

ganglia. Recent research suggests that the immature oligodendrocytes of the developing white 

matter are very susceptible to injury from free radicals, excitotoxic over-stimulation, and pro-

inflammatory cytokines, any or all of which may be associated with hypoxic/ ischemic events. 

Immature cells are susceptible to free radical damage because they have lower concentrations of the 

antioxidant superoxide dismutase, while excitotoxic injury can occur more easily because developing 

oligodendrocytes overexpress AMPA-kainate receptors, which are stimulated by kainate released 

during hypoxic-ischemic events. Pro-inflammatory cytokines, including interferon-γ, tumor necrosis 

factor- α, and interleukins-2 and -6, are generated during hypoxia and ischemia and have been 

demonstrated in regions of PVL. Both interferon-γ and tumor necrosis factor-α have toxic effects on 

developing oligodendrocytes. The clinical diagnosis of CP requires an extensive work-up, 

including neuro-imaging with magnetic resonance imaging (MRI). MRI is very sensitive to the 

damage in the fetal and infant brain that may result in CP (e.g. PVL). Therapy may be directed to 

prevent or ameliorate the injury in the acute phase, or to improve function in an established case. 

HBO2 has been advocated for the improvement of both functional and cognitive ability.  

In the Quebec study, both the HBOT and ‘control’ (1.3 ATA breathing air) subjects showed 

improvements in gross motor function of about 3% at three months. This compares well to the 5 to 

10% improvement in 12 months reported following dorsal rhizotomy. Cognitive improvements were 

noted in visual working memory, auditory attention and self-control in both groups. In general, 

improvements in both arms were similar to those reported in other clinical investigations using HBO.  

Neubauer has reported changes on single photon emission computed tomography (SPECT) images 

before and after therapy that demonstrate improved regional blood flow. These findings imply 

improved function and therefore clinical status, and are associated with improvements noted by 

parents. The ‘idling neuron’ hypothesis is suggested to explain these case series findings, with the 

assumption that HBO2 can improve blood flow to inactive but viable neurons. We cannot be certain 

of the real explanation for these results until we have more data. It does seem more likely that a 

participation effect is operating than a putative pressure effect or one related to the administration of 

oxygen at 28% 1ATA equivalent. Even if either of the latter were true, the proper interpretation of the 

data would seem to be the administration of the safer and cheaper alternatives of 1.3 ATA air, or 28% 

oxygen at 1 ATA, than 100% oxygen at 1.75 ATA. As far as we are aware, no-one has adopted the 

practice of administering 28% oxygen outside the chamber environment – perhaps because this 

practice does not require a compression vessel. Where do we go from here? All concede the need for 

further research, but the most appropriate directions are difficult. We do not believe there is more to 

be gained from further open series, but suggest two productive avenues. First, it is important to all 

chronic brain-injury patients that work continues at the basic science level in order to establish a 

reasonable mechanism of action for HBO2 (or indeed pressure alone). This is critically important in 

children because of the potential for greater gain in the young and developing brain. Moreover, the 

concept of the ischaemic penumbra remains debatable and the correct interpretation of SPECT scans 

in this context is unclear. Although animal models specific for CP are not as yet available, they are 
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under development. As models for CP become available, they should be studied in detail with HBO2, 

using neuropathological, physiological (e.g., SPECT, PET), MRI, and molecular (e.g., anti-oxidant 

enzymes, excitotoxic injury, cytokines) outcomes for a range of oxygen and pressure schedules. 

Second, clinical studies of the highest possible methodological rigor are needed. The experiences 

following the publication of the Quebec study illustrate the intensity with which any future trials will 

be examined. We believe the most pertinent trial would compare the efficacy of HBO2 (1.3 to 2.0 ATA, 

1 hour daily for 4 to 6 weeks) to a sham air therapy and a sham using 100% oxygen therapy (both 

with transitory trivial compression to preserve blinding).  

Any future trials would need to consider appropriate, effective randomisation and blinding of all 

participants and investigators; appropriate sample sizes with power to detect clinically important 

differences; appropriate and carefully defined comparator therapy; appropriate outcome measures, 

including those previously reported; careful elucidation of any adverse effects and the cost-utility of 

the therapy. This is a considerable challenge for any research group, particularly for clinical hyperbaric 

facilities, and cannot be mounted in the absence of support from the pediatric neurology community. 

The onus is on enthusiasts who are already convinced of the efficacy of HBO2 for CP to encourage 

and prosecute these trials if they wish to persuade the skeptical. The skeptical in turn should be 

willing to assist in the interests of rational and cost-effective use of scarce resources, but cannot be 

expected to drive an agenda for which they have little expectation of success.  

36.  Hyperbaric Oxygen Therapy (1.5 ATA) in Treating Sports Related TBI/CTE: two case reports K 

Stoller – Medical Gas Research – HBO being used to treat brain injury since 1963. Harch using SPECT 

improved cerebral blood flow years post TBI at 1.5ATA. Harch recently HBO 1.5ATA with 15 military 

with TBI dramatic improvements. Case presentations – 50 yr old retired NFL player with history 

repeated playing minor TBIs causing hydrocephalus requiring shunt – 1.5 ATA neurocognitive 

assessments demonstrate significant improvements. Case 2 high school age 15 TBI encephalopathy – 

HBO 1.5 ATA – 80% reduction headaches, 35% improved visual motor speed, 25% improved reaction 

time – rated better than other players same age. USA Olympic team has HBO exclusive to treat sports 

injuries and potential performance. 

37.  Hyperbaric Oxygen For Stroke Treatment James Toole – Medical Gas Research, 2011 – Letter from 

Edward Teller Father of the Hydrogen Bomb – Teller’ personal experience with HBO using for many 

years post stroke under Dr Richard Neubauer. Local hospital would not treat Teller using HBO – Teller 

benefited under HBO and Neubauer. 

38.  Hyperbaric Oxygen Therapy for Traumatic Brain Injury Lei Huang – Medical Gas Research, 2011 

HBO complimentary, synergistic actions include improved tissue oxygenation and cellular metabolism, 

anti-apoptotic and anti-inflammatory mechanisms. HBO may serve as a promising neuroprotective 

strategy and when combined with other therapeutic targets for TBI patients could improve long term 

outcomes.  HBO elevates plasma bound O2 which can be used more readily than bound O2 to 

hemoglobin which enables tissue O2 in the absence of RBCs. HBO induces a much greater O2 

carrying capacity dramatically increases the driving forces of O2 diffusion into tissues. HBO reduces 
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brain vasogenic edema decreasing ICP. There are numerous ‘unapproved’ uses of HBO that focus on 

neurologic disorders. HBO exerts robust long lasting effects in absence of O2 toxicity. Upregs cerebral 

metabolism, anti-apoptotic, anti-inflammatory underlying HBO induced neuroprotection.         

39.  Hyperbaric Oxygen Therapy Promotes Neurogenesis - Where Do We Stand? Zhang – Medical 

Gas Research, 2011 Neurogenesis occurs mainly in 2-regions of brain – Subventricular (SVZ) and 

subgranular zone (SGZ) of the hippocampus dendate gyrus (DG). In Hypoxic Ischemic Encephalopathy  

HBO promotes proliferation, differentiation and migration of newly generated cells. HBO decreases 

infarct size. HBO promotes neural stem cells differentiation into neurons or oligodendrocytes whilst 

inhibiting stem cells differentiating into astrocytes (pro-inflammatory cells). HBO upregs supporting 

cells glial cell derived neurotrophic nerve growth (GDNF), vascular endothelial growth factors (VEGF), 

human microvascular endothelial cells (HMEC-1). HBO downregs TNF-alpha, IL1, IL6; HBO induces 

neurogenesis via Wnt protein down regs HIF –alpha.           

40.  Hyperbaric Oxygen in Chronic Stable Brain Injury – neuropsychological outcomes UHMS 

Rubicon Foundation, 2011- HBO 1.5 ATA TBI 1-year after brain injury. On ‘self-reported measures’ – 

participants generally reported improvement. Further study warranted.          

41.  Effects of Hyperbaric Oxygen Preconditioning on Energy Metabolism & Glutamate Level in the 

Peri-Infarct Area Following Permanent MCAO C Gao-Yu, UHMS Rubicon Foundation 2011 

Preconditioning HBO on energy metabolism and glutamate levels in peri-infarct following MCAO. 

HBO–PC stabilised glucose level and decreased lactate/pyruvate ratios in peri infarct – inhibiting 

glutamate levels. HBO protective.            

42.  Oxygen Toxicity Seizure During Hyperbaric Oxygen Therapy – incidence and potential risk 

factors UHMS Rubicon Foundation, 2011 Retrospective study Jan 2005-2010 323 patients 

undertaking 4589 HBO sessions – air break vs no air break – Seizures came soon after air break. 

Findings suggest air breaks as a potential trigger for seizures!          

43.  Medical Student Training in Hyperbaric Medicine: a survey of 126 medical schools UHMS 

Rubicon Foundation, 2011 The study of HBOT is absent from the curricula of the majority of USA 

medical schools           

44.  Hyperbaric Oxygen Treatment Improved Neurophysiological Performance in Brain Tumour 

Patients After Neurosurgery and Radiotherapy UHMS Rubicon Foundation, 2011 Ten patients 

suffering motor and cognitive effects of neurosurgery and radiosurgery. HBO stimulates 

neovascularization of hypoperfused tissue and may improve functionality of damaged tissue. Results 

demonstrate improved neurophysiological performance in long term brain tumour survivors!           

45.  Hyperbaric Oxygen Treatment in Chronic Stable Brain Injury: speech & language outcomes      

UHMS Rubicon Foundation, 2011 Brain injury from trauma, anoxia or stroke – HBO 1.5ATA 60-daily 

sessions (60-mins) – significantly improved language, written word and sentence formation.          
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46.  Hyperbaric Oxygen Treatment in Chronic Stable Brain Injury: computed tomography 

angiography UHMS Rubicon Foundation, 2011 HBO 1.5 ATA 60-mins for 60-days. CT angiography – 

over 56% improved brain perfusion based on pre and post investigations. Further warranted!           

47.  Hyperbaric Oxygen for Chronic Stable Brain Injury: interval to achieve 100% oxygen of 

monoplace chamber pressurization to 1.5 ATA  UHMS Rubicon Foundation, 2011 Several minutes 

to achieve 100% O2 delivery inside monoplace chamber           

48.  Hyperbaric Oxygen in Chronic Stable Brain Injury (HYOBOBI) UHMS Rubicon Foundation, 2011 

Open label feasibility from 2003-2010 – brain injury (stroke, trauma or anoxia). 60-HBO 60-min at 1.5 

ATA. HBO O2 related adverse events were rare!           

49.  Effective Treatment for Traumatic Brain Injury & PTSD is Available to Meet the Nation's 

Current Emergency P Harch - on behalf of IHMA, July 21 2010 – 26 pages Excellent presentation to 

US Congress – Case presentation 1.5 ATA 80-HBO pre post SPECT. War vet – father is Criminal Court 

Judge and supporting application to Congress!!            

50.  The TBI Treatment Act K Stoller - IHMA, 2010 Pete Sessions US Congressman submission to US 

Senate 5-year HBO 1.5 ATA to stimulate neurons throughout the brain to regain function.            

51.  Hyperbaric Oxygen Therapy Effectively Treats Traumatic Brain Injury & PTSD IHMA Public Policy 

Bulletin 10-03, 2010 Presented 8
th

 World International Brain Injury Conference Washington. HBO 

1.5 improves brain healing, functional imaging demonstrating effects not explained by placebo. 

Placebo does not grow new blood vessels, restore apoptotic neural cells previously damaged by lack 

of oxygen, nor restore neural pathways that re-enable memory and date processing ability. US Army 

Medicine verification HBO 1.5ATA repairs white matter damage in the brain.  

HBO 1.5 ATA came about because of work by German Neurosurgeons in 1977. Glucose metabolism as 

a marker discovered oxygen in the brain is optimized at 1.5 ATA. Amounts over that dose in the brain 

cause glucose metabolism to become dysfunctional. A higher dose does not yield optimal 

metabolism. 30-years ago HBO practitioners in USA began using HBO 1.5 ATA with acute and chronic 

stroke with positive results (Neubauer 1980 Stroke). Dr Harch started 20 years ago using HBO 1.5 ATA 

with TBI, acute spinal cord injury and rapidly expanded to include divers, decompression illness and 

eventually over 70-neurologic conditions. Harch, Gottlieb successfully treated CP with HBO 1.5 ATA. 

Harch work was put to trial by US Army at Fort Gordon Georgia in 2002 – the US Army verified HBO 

1.5 ATA heals damage to white matter of the brain – (Adjunctive HBO treatment of children with 

cerebral anoxic injury US Army Medical Journal April 2002: 13-21). 

HBO repairs and regenerates tissue thru oxygen dependent and signalled processes including 

reactivation of cellular processes damaged by hypoxia; the activation of growth factors at a DNA level; 

stimulation of a patient’s own stem cells to cause growth and repair; and the improvement of blood 

supply to wounds. Wright states non healing brain wounds respond to the correctly pressure oxygen 

dose in repeated treatments in much the same manner as do non healing diabetic foot wounds. As a 

result HBO can be considered a generic drug for repair of acute and chronic wounds in the body. The 
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application of HBO to chronic traumatic brain injury is merely an extension of the known biological 

and physiological effects of traditional HBO. Clinical precedent meets the criteria for FDA approval as 

of ‘off-label’ application – nearly 25% of all prescriptions are ‘off-label’ and 80% of all pediatric 

prescriptions are ‘off label’.  When HBO 1.5 is delivered intermittently it saturates tissues with oxygen 

at approximately 7-times the normal concentration. In this context oxygen acts like an oxygen ‘pill’ 

stimulating healing processes like a medicinal drug. Oxygen is used in over 200 cellular processes 

many of which remain damaged after hypoxia. 

HBO healing characteristics include ability to reduce hypoxia in damaged tissue, re-energize cells 

damaged by low blood flow, and in acute injuries inhibit reperfusion injury (the immune response to 

injury). Additionally high levels of oxygen stimulate release of stem cells from a patient’s bone marrow 

into their circulatory system where the stem cells then home in on wounded areas of the body. These 

stem cells address tasks of repairing or replacing damaged or destroyed cells and tissues and 

repairing or replacing damaged vascular systems of tis stimulation of DNA genes that code for 

growth and repair hormones and their receptors. The net result of this stimulation is growth of new 

tissue, bone, skin and blood vessels. This healing proceeds with mild or rare adverse side effects when 

established protocols are followed. (page 15-17) 

The Department of Defense invited William W. Orrison, Jr., M.D., to deliver the neuroradiology 

presentation on December 5th, 2008 at the "HBOT in TBI" Consensus Conference. Dr. Orrison's 

assessment of Dr. Harch's SPECT brain images is as follows: "Dr. Harch's use of SPECT brain imaging 

to examine the changes in the brain before and after hyperbaric oxygen therapy is scientifically 

accurate and valid. Multidetector SPECT imaging is one of the only neuroimaging methods with 

sufficient utility to allow this type of longitudinal evaluation. The improvement in brain perfusion 

demonstrated by Dr. Harch pre- and post-HBOT is impressive and objective evidence of improved 

cerebral blood flow in these patients. This is the same type of change that we have recently 

demonstrated using the new method of whole brain CT. In addition, the clinical observations and 

neuro-psych testing done by numerous physicians at different locations further verifies Dr. Harch's 

results and correlates with the objective findings observed on the SPECT images.“ 

A major argument lodged against permitting apparently HBOT 1.5 treatment for battle casualties 

immediately is that HBOT 1.5 might be merely a placebo effect. The Placebo effect is the medical 

phenomenon in which a person’s beliefs or hopes about an inert substance or a sham therapy results 

in that treatment inducing the expected effects. These beliefs have effects upon the patient’s health 

without underlying physical effects. Thirty five percent of patients are expected to get some 

improvement because of placebo effect.  HBO 1.5 has significantly improved over 90% of the patients 

treated to date. Placebo effects do not cause perceptible regrowth of vasculature in the brain, or 

reactivate stunned neural tissue or increase brain metabolism, as independent, objective 

Neuroimaging reveals. HBO 1.5 causes 15 point increases in IQ, improvements on neuropsychological 

testing, 30% reduction on PTSD and 40% reduction in PPCS symptoms. These results exceed any 

other available therapy. This relief, combined with a 51% decrease in depression, has permitted 80% 

of those casualties treated to return to duty, work, or school. These effects are much greater than any 
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other treatment modality used to date. The placebo effect does not explain the permanent biological 

repair experienced by thousands of patients with hundreds of providers over 30 years.  

In summary, there are several reasons it is highly unlikely that improvement in war casualties treated 

with HBOT 1.5 is the result of a placebo effect. 

1) Oxygen can never be a placebo because it violates one component of the placebo definition, that 

the substance is inert. Oxygen is a biologically active element, used in over 200 cellular processes and 

hence is not inert. 2) Placebo effects are not expected to show improvement in over 90% of the 

subjects treated. 3) Placebos do not show independently verifiable clinical effect (SPECT).  

DoD‟s own invited expert, Dr. Orrison, stated showed that the latest neuroimaging techniques 

showed improved brain structure. A placebo does not do that. It is a clear clinical effect that rules out 

placebo. As John Eisenberg, MD, Ph.D., founder and director of AHRQ stated, “This is an N of 1 study 

where each patient serves as their own control. When there is 30 days between one image and other, 

and the only intervention was HBOT 1.5, the cause of the repair can only logically have been 

HBOT.”81 

4) The laws of physics and the gas laws show that HBOT 1.5 delivers 7 times as much oxygen to 

plasma as normally breathed. The known science of how oxygen works and how the body uses 

oxygen to heal indicates that this oxygen delivery begins healing at the DNA level, activates stem 

cells, and increases blood vessel density. It does this in bone, skin and other hypoxic tissues 

throughout the body. Why would the brain be different?  5) HBOT 2.0-2.4 clearly heals diabetic foot 

wounds. These are hypoxic wounds that we can see, and HBOT has a clinical effect. HBOT has been 

proven in RCTs and placebo effect was eliminated as a reason for healing. Wounds in the brain are 

also hypoxic wounds. It is logical that HBOT heals the hypoxic wounds in the brain and in the foot. 

Thus the HBOT clinical experience is consistent with the scientific validity of the rest of the HBOT 

treatment indications. 6) After 6 months, no further natural healing is expected in brain injured 

patients. Therefore, even years after injury, to have these injuries heal, permanently, within a 30 day 

period, can only be attributed to a clinical effect.  7) The improvement in the above cases that allowed 

return to duty occurred in cases that were facing being medically boarded out of the military. Few of 

these service members wanted this result. The desire to avoid medical boarding would tend to 

generate a placebo effect for every therapy prior to HBOT that was offered to these men to improve 

their condition. However, only HBOT 1.5 provided the objective improvement that allowed them to 

return to duty. The decision to return to duty was made by independent physicians who did not 

deliver the HBOT. These were the same physicians who were initially recommending them for a 

medical board. If HBOT is in fact a placebo every service member who is facing medical boarding 

should be offered the placebo effect of HBOT 1.5 to avoid medical boarding when all other therapies 

have failed. No currently available DoD treatment for TBI/PTSD has demonstrated the improvement of 

HBOT 1.5 and all have both therapeutic and placebo effects. To argue, as the Surgeons General of two 

branches of the service have, that the greater effect of HBOT is due to placebo and that this placebo 

effect exceeds the therapeutic and placebo effect of When considered against the foundation 
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evidence of HBOT‟s decades known physiological effects in acute and chronic wounding this placebo 

argument becomes simply delusional. Dr. William A. Duncan Vice President of Government Affairs 

52.  Case Report: Treatment of mild traumatic brain injury with hyperbaric oxygen. Colonel James 

Wright UHMS 2009 Vol 36 – USA Air Force Airmen injured in roadside improvised explosive device 

(IED) in Iraq 2008. Both suffered concussive injuries, personality disturbances, sleep disturbances, 

headaches, and memory and cognition difficulties due to mild TBI. 6-months after injury repeat 

Automated Neuropsychological Assessment Metrics (ANAM) showed deterioration when compared 

to pre injury base lines. HBO 1.5 ATA 60-minutes resulting in rapid improvement of headaches and 

sleep disturbances; improvement in all symptoms and resolution in most. Repeat ANAM testing 9-

months post demonstrated significant improvements post HBO.  

HBO has been shown to enhance mitochondrial recovery and reduces apoptosis in hypoxic nerve 

cells. The HBO-induced improvement in mitochondrial function appears to facilitate improved 

cognitive recovery and reduced hippocampal neuronal cell loss after brain injury. HBO promotes 

neural stem cell activation and growth, and this effect is seen in the hypoxic-damaged brain. HBO also 

alleviates hypoxic-induced myelin damage, up-regulates HIF-1 alpha-enhancing neuronal tolerance to 

hypoxia, and increases cellular ATP levels and cognitive recovery after concussive injury. Balance beam 

scores in rats with cerebral contusions were improved after treatment with HBO. In a rat model of 

chronic TBI, HBO improved spatial learning and increased vascular density in the injured 

hippocampus. HBO is thought to restore neural pathways damaged in TBI with supporting evidence 

supplied from SPECT brain imaging. 

53.  Suicides in Military Personnel - Treatment for Mild-Moderate Traumatic Brain Injury & PTSD 

with HBOT IHMF June 2010 – Harch address to US Congress This non-patentable treatment, 

hyperbaric oxygen therapy (HBOT), is FDA-approved for other neurological diagnoses, and has been 

shown to reduce the major amputation rate by 75% in diabetic patients with foot wounds. Since the 

IHMA submitted diabetic foot wound for a National Coverage Determination, and won approval by 

Medicare in 2003, hyperbaric oxygen therapy has saved the legs of countless diabetic patients. 

Medicare found that treatment is cheaper than amputation and is estimated to save over $300 million 

per year. If hyperbaric oxygen were used to treat brain injury in our society, the savings would be tens 

of billions per year in current federal and state programmatic costs. Preliminary application of this 

same therapy to our brain injured veterans has returned nearly 80% of these veterans to work, duty or 

school with a life-time savings to the government of $2.6 million dollars for each active duty member 

returned to duty, and $2 million for each injured service member returned to work or school. 

Postconcussion syndrome, PTSD and depression has been shown to decrease by 40%, 30% and 51% 

respectively, thus greatly reducing the need for mental health services in these casualties. These life-

time benefits and savings more than justify the costs of treatment. Expansion of this off-label 

treatment to the estimated hundreds of thousands of brain-injured veterans would result in a 

dramatic improvement in health, reduction in costs, and retention of highly trained and redeployable 

men and women in our military. The off-label psychoactive drugs, on the other hand, have not been 

effective at returning casualties to duty. They are prescribed in large numbers, without adequate 
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understanding of their effects, side-effects, or the effects of the combination of these drugs on 

patients with blast-induced traumatic brain injury and PTSD. Many of the veterans I have successfully 

treated with hyperbaric oxygen are prescribed multiple psychoactive drugs off-label. These include 

anti-depressants and atypical antipsychotics, both of which are black-box labeled, as well as the 

anticonvulsants, which have been recently revealed to have an increased risk for suicide. The majority 

of these patients describe bizarre feelings, “zombie-like” sensations, and increasing depression after 

dosing their medication. After hyperbaric oxygen therapy nearly half of them have decreased or 

discontinued their medications. In combination with hyperbaric oxygen therapy this resulted in a 

substantial improvement in their symptoms and a reduction in medication costs. This committee has 

expressed great concern to military medicine about the cost of prescription drugs.   

An estimated 600,000 war veterans who have suffered injury the time for effective treatment of TBI 

and PTSD is now. In fact NONE of the drugs currently used and paid for by Tricare and the VA to treat 

our brain injured veterans are FDA-approved to treat TBI.   

54.  The World As It Is - ANZHMG statement on the administration of mild hyperbaric oxygen 

therapy David Smart & Michael Bennett - Diving & Hyperbaric Medicine, Vol 40, No 2, 2010 – mild 

HBO 1.3 ATA using ambient air or pressurized with an O2 concentrator. 1 ATA 21% O2 101 kPa, 

760mmHg. At 1.4 ATA 141kPa, 1604mmHg with increase 30% O2 – greater with O2 concentrator. 

Thackham et al HBO in Chronic Wounds 2008 – 1 ATA 21% O2 Arterial O2 tension 100mmHg 

measures 0.31ml O2 in plasma. 100% O2 at 1 ATA raises Arterial O2 to 660mmHg and 2.0ml O2 in 

plasma. 100% O2 at 2 ATA raises Arterial O2 1400mmHg and 4.3ml O2 in plasma.  

55.  Hyperbaric Oxygen Therapy Treatment of Chronic Mild-Moderate Blast-Induced Traumatic 

Brain Injury/Post-Concussion Syndrome with PTSD P Harch, 2010 30-day course HBO 1.5 ATA 

demonstrates significant symptomatic, cognitive improvement in 15 USA veterans with chronic blast 

TBI post-concussion injury and PTSD. Finding reinforced by significant functional SPECT 

improvements.   

56.  Augmentation of Osteochondrial Repair with Hyperbaric Oxygenation: a rabbit study      

Alvin Chao-Yu Chen - Journal of Orthopaedic Surgery & Research, 2010 HBO significantly accelerated 

the repair of osteochondral defects in this rabbit model; however, the addition of fibrin produced no 

further improvement. Vascular endothelial factors and neovascularization has been observed in the 

young growing cartilage [22], the improved repair process in the HBO groups might be due to the 

neovascularization triggered by HBO, which in turn facilitates osteochondral healing [13,18,19]. 

Hyperbaric oxygenation has long been known to cause angiogenesis and increase collagen synthesis. 

In addition to increasing neovascularization, hyperbaric oxygenation may directly affect the mixture of 

growth factors necessary for mesenchymal stem cell migration or the subsequent regenerative events. 

HBO treatment in this study resulted in a clear improvement in cartilage repair and, unlike other 

treatments, is completely non-invasive.      

57.  Hyperbaric Oxygen Therapy and Neurologic Disease: The Time Has Come UHMS, 2010 The 

widespread “off-label” use of HBO2 for neurologic indications is, in essence, a public health issue, as a 
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substantial number of patients are undergoing therapies that have not been validated using 

traditional scientific methods. As part of this evidence-building, Undersea and Hyperbaric Medicine is 

calling for papers addressing HBO2 and neurologic disease for a special Spring 2011 issue. We are 

particularly interested in well-designed work of high rigor addressing off-label areas such as autism, 

cerebral palsy, concussion, post-traumatic stress disorder and stroke, to name but a few. We feel that 

there is now a critical mass of HBO2 being conducted for neurologic indications and that, by critically 

reviewing and publishing scientific papers addressing its use, we may be moving closer to this  

becoming a proven and accepted therapy that may quite possibly change the natural history of some 

of the most devastating and challenging conditions afflicting our patients.    

58.  Traumatic Brain Injuries & the Potential of Hyperbaric Oxygen Therapy X Figueroa; T Love - 

Restorix Research Institute “The cost of Traumatic Brain Injuries (TBI) is approximately $56 billion, and 

more than 5 million Americans alive today have had TBI related injury resulting in a permanent need 

for help in performing daily activities. Survivors of TBI are often left with significant cognitive, 

behavioral, and communicative disabilities, and some patients develop long-term medical 

complications, such as epilepsy.” (National Institutes of Neurological Disorders and Stroke, NIH, 2010) 

Recent clinical reports and animal studies support the idea that patients with mild-to-moderate brain 

injury can greatly accelerate their recovery and reverse damage with HBOT. Currently medications 

focus on controlling brain injury symptoms rather than brain recovery. HBOT has shown positive 

benefits for mild-to-moderate TBI now and can reverse damage that is untreatable with drugs. Recent 

studies reveal that HBOT has other beneficial effects. In TBI studies of rats and mice treated with 

HBOT, behavioral and neurological damage is spared or reversed. In humans, clinical reports show 

similar effects. Armed service personnel that were diagnosed with mild-to-moderate TBI shows that 

repeated HBOT exposures produce beneficial effects in terms of brain functioning. Single photon 

emission computer tomography (SPECT) imaging of TBI - affected brain regions reveals improvement 

in brain blood flow. From a neuro- psychological viewpoint, changes observed in the SPECT imaging 

of the brain correlates with improved mental conditions. Psychological and cognitive tests taken prior 

to HBOT reveal improvements in almost all areas during and after HBOT. Symptoms, such as 

headaches, disturbed sleep and PTSD (Post Traumatic Stress Disorder) are alleviated and positive 

outcomes are long-lasting. How is it that a single therapy can produce such remarkable changes? 

Given the role that oxygen plays in the cellular function of the brain, it should not be surprising that 

HBOT provides healing and protection. HBOT probably produces all these beneficial effects though 

multiple, parallel pathways. In rats, data demonstrates that HBOT promotes new neuron and blood 

vessel regrowth. Cellular metabolism and cell survival is improved and cellular death is inhibited. 

Inflammation of the brain after TBI is a common response to damage, but inflammation is reduced (by 

HBOT, as well as brain bleeding and brain swelling. It is still not known if these are all the benefits that 

HBOT provides or just the most obvious that have been observed to date. It seems apparent that the 

synergistic effect that HBOT has with other treatments, strongly suggests that combining therapies 

with HBOT could yield better results than either alone. 

59.  Quantitative Analysis of Reduction of Soft Tissue Edema by Hyperbaric Oxygen UHMS Rubicon 
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Foundation, 2010 – soft tissue edema due to sports related injury – HBO resulted in significant 

reduction of edema at the injured site and at the uninjured site.           

60.  Stem Cell Emergence After HBO in Volunteers UHMS Rubicon Foundation, 2010 Studies have 

identified a cell population called endothelial progenitor cells (EPCs), which can be isolated from 

circulating mononuclear cells, bone marrow, and cord blood. EPCs express a number of endothelial-

specific cell-surface markers and exhibit numerous endothelial properties. The exposure to hyperbaric 

oxygen therapy (HBO) has been proved to mobilize stem/progenitor cells from the bone marrow. We 

investigated the emergence of EPCs characterized by great proliferative potential and vessel-forming 

activity in vivo in healthy volunteers. 15 healthy volunteers were submitted daily to 20 HBO 

treatments (seven breathed only air, as pressure control), daily for 90 min at 2.4 ATA. Administration 

of hyperbaric oxygen increased the percentage of EPCs, identified and enumerated via flow-cytometry 

as CD34, CD133 or VEGFR2 expressing cells. The use of HBO therapy can be considered positively in 

all those pathological conditions as diabetes and other inflammatory disease in which recruitment and 

activation of endothelial cells are capable to induce the repair of damaged blood vessels.  

61.  Breathe New Life Into Old Wounds – (Enhances Delivery of Stem Cells) Hyperbaric Health 

brochure - Hyperbaric Wound Centres (Australia & NZ), 2010 – Enhancing stem cells - stem cells are 

generic cells that can change into specific cells that are needed in the body. HBOT has been shown to 

greatly enhance the development and release of stem cells as well as their activation in healing. 

62.  Low Pressure Hyperbaric Oxygen Therapy & SPECT Imaging in the Treatment of Traumatic 

Brain Injury (post-concussion) - Paul G Harch - BioMed Central, 2009 A 25-year-old male military 

veteran presented with diagnoses of post concussion syndrome and post traumatic stress disorder 

three years after loss of consciousness from an explosion in combat. The patient underwent single 

photon emission computed tomography brain blood flow imaging before and after a block of thirty-

nine 1.5 atmospheres absolute hyperbaric oxygen treatments. The patient experienced a permanent 

marked improvement in his post-concussive symptoms, physical exam findings, and brain blood flow. 

63.  Hyperbaric Oxygen Therapy & Alzheimer's Disease X Figueroa - Restorix Research Institute 

Inflammation is a hallmark of AD and plays an important role in the damage caused by this disease.  

HBOT has shown a beneficial effect in reducing inflammation (25-28) in stroke and head-trauma. This 

anti-inflammatory effect helps to reduce swelling and increase healthy blood flow to the brain. HBOT 

promotes the growth of new blood vessels, increases the number of circulating stem cells that are 

involved in new blood vessel growth and wound healing (29-31), and induces the production of new 

neurons in the brain. The observation that HBOT can have a regenerative effect on the brain, restore 

blood supply, decrease inflammation, and increase anti-oxygen radical activity is a compelling case for 

using HBOT for AD patients. This may be an effective therapy to halt the ravages of AD and help 

reverse the damage. At a minimum, we hope that HBOT may help slow down the progression of the 

disease.         

64.  Newsletter: Brain Injury - Cerebral Palsy, Infantile Stroke, Hypoxia, Autism, Epilepsy, 

Developmental Delay M Hooper- HyperMed NeuroRecovery, 2008         
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65.  Press Release - Veterans of the War are Recovering from Traumatic Brain Injury, PTSD & 

Depression IHMA, 2008 Dr William Duncan – HBO 1.5ATA becomes standard of care for acute and 

chronic neurologic injuries.             

66.  Adult Neurogenesis and the Ischemic Forebrain - RJ Lichtwalner - www.ncbi.nlm.nih.gov 2006 – 

Persistent adult neuronal differentiation suggests previously unrecognized capacity for self-repair 

after ischemic brain injury. Neurogenesis continues in discrete regions of the adult brain. 

Neurogenesis and neuronal proliferation occurs with the forebrain SVZ and hippocampal dentate 

gyrus germinative zones.          

67.  The Controversy Over Hyperbaric Oxygen for Multiple Sclerosis R Neubauer - Journal of 

American Physician and Surgeons, Vol 10, No 4, 2005.  The 62 ARMS centers in Britain, now known as 

the Federation of Multiple Sclerosis Treatment Centers, followed 703 patients in detail since first 

receiving treatment, and have 10-14 year follow up data on 447 patients. Such information is virtually 

impossible to obtain in grant-funded studies because of the high cost. HBOT centers report 

symptomatic relief in the majority (see Table 1) and apparent stabilization or slowing of progression in 

a significant fraction (see Table 2). Most remarkably, in the UK alone, more than 1.5 million sessions of 

HBOT have been administered to more than 14,000 patients without significant incident. Minor 

problems with pressure on the eardrums (mild barotrauma), which did not necessitate discontinuing 

treatment, are reported in about 17%, and about7% reported transient myopia. While the Kindwall 

study was only able to retain 9% of 312 patients for 2 years or 12% of those who completed the initial 

course about two-thirds of 705 UK patients who completed an initial course continued intermittent 

treatment for at least 3 years. Based on the UK data, the results reported by Kindwall were not 

surprising because so few patients continued with their follow-up treatments. It appears that about 

300 treatments in 10 years, or once a fortnight, are needed to retard progression in patients with 

relapsing/remitting disease, and weekly treatments are more effective. After 27 years of experience in 

treating MS patients with HBOT, our conclusions are the same as listed above: HBOT is not a cure, but 

there is evidence to suggest some symptomatic benefit in a majority of patients and apparent 

stabilization or slowing of progression in a significant fraction (17 to 33%) of those who receive 

continuing therapy over a period of 10 years or longer. HBOT in MS has few side effects, mostly 

minor.        

68.  The Polemics of Hyperbaric R Neubauer, W Maxfield - Jrnl of American Physicians & Surgeons Vol 

10, No 2, 2005- The history of modern hyperbaric medicine dates back to around 1620, when Drebbel 

developed a one-atmosphere diving bell. Forty years later, Boyle and Gay-Lussac formulated the 

General Gas Law. The modern age of hyperbaric medicine began in 1937, when Benke and Shaw used 

a hyperbaric chamber to treat decompression sickness (DCS). It was not until 1955 that interest 

awakened in using hyperbaric oxygenation therapy (HBOT) for conditions other than DCS. Churchill-

Davidson began to use oxygen therapy in a hyperbaric chamber to treat radiotherapy-induced 

damage in cancer patients. In 1956, Boerema of Holland performed the first reported heart surgery in 

a hyperbaric chamber. In 1962, Sharp and Smith of Scotland were first to treat carbon monoxide 

http://www.ncbi.nlm.nih.gov/
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poisoning by HBOT. In 1965, Perrins in the United Kingdom showed the effectiveness of HBOT in 

osteomyelitis. In 1966, Saltzman et al. in the United States showed the effectiveness of HBOT in stroke 

patients. In 1970, Boschetty and Cernoch of Czechoslovakia used HBOT for multiple sclerosis. In 1971 

LammofWest Germany used HBOT for treatment of sudden deafness. In 1973, Thurston showed that 

HBOT reduces mortality in myocardial infarction.  

The Undersea Medical Society was formed in the United States in 1967, and added hyperbaric to its 

name in 1986. Most physicians have never heard of these breakthroughs. HBOT has been called the 

Cinderella of modern medicine. With no large pharmaceutical interest to nurture and protect it, 

hyperbaric medicine languished. Since it was not taught in medical schools, knowledge about HBOT 

was restricted primarily to the fields of diving and aerospace medicine and small niches in the medical 

community. In the early 1970s, George Hart, M.D., was asked to chair a committee formed by the 

Social Security Administration to decide what should and shouldn’t receive reimbursement for HBOT 

therapy. He was a naval officer at the time and received an order from his commanding officer to 

make sure that ‘stroke’ did not appear as a covered indication, even though there was mounting 

evidence that HBOT worked for treating stroke patients. The explanation was that it would bankrupt 

the U.S. Treasury if all the stroke patients in the United States wanted to receive HBOT for 

neurorehabilitation. In 2000, Paul Harch, M.D., director of the Hyperbaric Fellowship Program at 

Louisiana State University (LSU), presented to the UHMS the ‘pro’ argument for endorsing the 

treatment of traumatic brain injury (TBI) with HBOT. By then, multiple studies had shown that HBOT 

reduces cerebral edema and decreases intracranial pressure in TBI patients. Rigorously controlled, 

randomized human clinical studies showed as much as 60 percent reduction in total mortality in TBI 

patients receiving HBOT, compared with standard intensive care without HBOT. A follow-up study 

showed the effects of HBOT, at 1.5 atmospheres absolute (ATA) daily for 5 to 7 days after surgery, on 

brain metabolism. HBOT improved the cerebral metabolic rate for oxygen and decreased CSF lactate, 

especially in patients with reduced cerebral blood flow (CBF) or with ischemia; normalized the 

coupling of CBF and cerebral metabolism; exerted a persistent effect on CBF and metabolism; and 

reduced levels of ICP and CBF. Notably, the recoupling of flow and metabolism by HBOT is the only 

demonstration of such in the history of science. Rockswold and coworkers recommended that shorter 

(30 minutes), more frequent (every 8 hours, as in their first study) treatments would optimize the 

effects. One study showed a 450% increase in complete recovery with TBI patients receiving HBOT vs. 

standard intensive care without HBOT.  

69.  Introduction to the Use of Hyperbaric Oxygen Therapy for Neurological & Developmental 

Disorders Dr James Neubrander  - HBO mechanisms: Angioneogenesis - growth of new blood vessels 

has been shown to occur from soft chambers as well as from hard, and is a process that may continue 

to increase subsequent to discontinuing therapy for a period of time after oxygen loading. Though it 

has been stated often on the internet boards that angioneogenesis does not occur unless pressures 

are 1.5 ATA or greater, the South American physician Dr. Efrain Olszewer has pre- and post-

angiograms documenting collateral circulation beginning as early as ten to twenty hours after 

initiating hyperbaric therapy for cerebral vascular disease and peripheral arteriosclerosis at pressures 
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lower than 1.3 ATA It is known that one of the problems children with autism have is decreased blood 

flow to the brain (cerebral hypoperfusion). Therefore is has been speculated that angioneogenesis is 

the way that HBOT helps autism However, though angioneogenesis may be one mechanism by which 

children with autism are helped by HBOT, angioneogenesis may not be the primary mechanism by 

which HBOT works The amount of cerebral hypoperfusion in autistics compared to controls is about 

8%, so a small increase in oxygen delivery may be all that is needed to overcome this deficit and show 

clinical benefit. The small amount of increased oxygen that is needed by the cells to improve their 

function does not necessarily require new blood vessel formation to be accomplished because with 

HBOT free oxygen molecules are dissolved directly into the cerebrospinal fluid Therefore these cells 

are no longer dependent on increased oxygen delivery from increased blood vessel formation that 

secondarily delivers a greater oxygen load because it carries more hemoglobin. 

1. Angioneogenesis from the removal of oxygen At times it may actually be the sudden removal of 

higher than normal oxygen concentrations that the body has adapted to rather than the higher levels 

of oxygen itself that may stimulate angioneogenesis There are reports that the new vessel formation 

in the retinas of premature infants who were on high doses of oxygen was stimulated by the rapid 

removal of oxygen and not from the oxygen itself. 

2. Increases in blood flow independent of new blood vessel formation, not only due to the competing 

mechanisms of vasodilation and vasoconstriction, but also due to decreasing the inflammation that 

secondarily constricts blood vessel lumens in a closed spac. Because inflammation is accompanied by 

swelling, tissue expansion or compression will occur. Therefore, whenever inflammation brings more 

fluid to a region of the body that is comprised of solid tissue and hollow blood vessels, the first thing 

to happen is that the hollow blood vessel lumens will be compressed and deliver fewer red cells 

carrying oxygen to the area. Once inflammation is reduced the secondary vascular narrowing is 

improved allowing increasing amounts of red blood cells carrying oxygen to reach the hypoxic areas 

and SPECT scans will once again "light up" turning from blue to yellow. SPECT scans demonstrate the 

relative amount of blood that is able to reach the different areas in the brain. Color coding allows easy 

visualization of what is occurring with blue areas representing little blood flow and yellow areas 

indicating normal blood flow. 

3. Decreasing levels of inflammatory biochemical Recent studies have demonstrated that children with 

autism frequently have neuro-inflammatory and gastrointestinal inflammatory conditions occurring. 

Multiple studies demonstrate the beneficial effect of hyperbaric oxygen therapy in inflammatory 

conditions. C-reactive protein and high levels of cytokines have been shown to decrease with HBOT. 

One study demonstrates that the anti-inflammatory effect from HBOT is probably due to pressure 

effects and not necessarily increased oxygen tension. 

4. Up-regulation of key antioxidant enzymes and decreasing oxidative stress: Children with autism have 

been shown to have increased oxidative stress and less reduced (active) glutathione HBOT, especially 

when using pressures less than 2.0 atmospheres, can up-regulate these antioxidant enzymes and 

afford antioxidant protection against oxidative stress. 
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5. Increased oxygenation to functioning mitochondria. Mitochondria are the energy producing 

organelles of the body. A growing number of studies are focusing on the mitochondria and its 

relationship to many disorders. The possibility exists that some autistic symptoms may occur if these 

organelles are dysfunctional or fewer in number than the number found in children without autism. 

HBOT may have the potential to activate dysfunctional mitochondria and/or to activate 

"dormant/idling cells" thereby allowing more "mitochondrial product" to be appreciated by the body. 

6. Increased production of new mitochondria from HBOT.  

7. Bypassing functionally impaired hemoglobin molecules, the result of abnormal porphyrin production, 

thereby allowing increased delivery of oxygen directly to cells: A recent study documented impaired 

production and abnormal ratios of porphyrins in children with autism. Because porphyrin is involved 

in the production of functional heme/hemoglobin, and because this appears to be disordered in 

autism, the impaired delivery of oxygen to cells will be improved when HBOT bypasses hemoglobin-

dependent oxygenation. 

8. Improvement in immune and autoimmune system disorders: HBOT has been shown to benefit the 

immune system and multiple studies have shown that autism is frequently associated with various 

types of immune and autoimmune system biomarkers. 

9. Decreases in the bacterial/yeast load found systemically and in the gut: Many children with autism 

have increased amounts of abnormal bacteria and yeast in their gastrointestinal tracts. These same 

children have shown clinical improvements when this overgrowth phenomenon is treated with 

antibiotics, either by natural agents or pharmaceuticals. HBOT has been shown to decrease abnormal 

bacteria/yeast in the gut. 

10. Decreases in the viral load found systemically and possibly decreases in a viral presence that may exist 

in the intestinal mucosa: Children with autism have difficulty handling viral infections, most likely due 

to immune dysfunction. It has been postulated many times that children with autism have a chronic 

low grade viral gastroenteritis and viral encephalitits. HBOT has been shown to decrease HIV viral 

loads. I speculate that one of the primary reasons HBOT works so well for so many children whose 

abnormal stools improve once they start HBOT is because the chronic, low-grade, smoldering live viral 

load harbored in the intestinal mucosa (Wakefield/Krigsman hypothesis) does poorly when 

surrounded by higher oxygen concentrations. The literature states that in order to kill viruses 100% 

oxygen at 2.7 ATA or above is required. However, there is no reason to believe that even mildly 

increased oxygen tensions may inhibit viral activity and/or make the host less hospitable to chronic 

viral inhabitation. This explanation is in keeping with the clinical results I see. In my clinic improved 

bowel function is in the top 20 most commonly seen benefits. I explain to my patients that to get 

cockroaches out of the kitchen, I can either kill them with my shoe or turn on the light. Interestingly it 

only takes a little bit of light for them to leave the room. Likewise it is my theory that it only takes a 

little bit of increased oxygen tension for viruses to leave. 

11. Increases in the production of stem cells in the bone marrow with transfer to the CNS: Studies have 
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shown that HBOT increases the production of stem cells in the bone marrow and that transfer of stem 

cells to the central nervous system is possible. 

12. Direct production of stem cells by certain areas in the brain. 

13. Increased production and utilization of serotonin: Studies have shown abnormities in the autistic brain 

whereby it does not produce and subsequently does not use serotonin properly. Newer studies have 

shown that HBOT can work like an anti-depressant by increasing brain serotonin levels.  

14. (Theoretical only) The possibility that oxidation may help rid the body of petrochemicals. 

15. (Theoretical only) The possibility that oxidation may help rid the body of mercury and heavy metals

        

70.  Treatment of Neurologically Impaired Adults & Children with Mild Hyperbaric Oxygen G 

Heuser, M Uszler - 2nd Intnl. Symposium on HBOT in CP & Brain Injured Child - Encephalopathy 

assessed with SPECT demonstrated regions of hypoperfusion indicating decreased O2 to the brain. 

Typically 20-60 HBO sessions done in clinic. If improvements then patient recommended to purchase 

a home chamber and continue HBO.        

71.  Hyperbaric Oxygen Therapy in CP & Pediatric Neurology P Harch - www.eparent.com, 2004 . 

Mechanisms – series of pre and post SPECT studies using HBO 1.5 ATA.          

72.  Adjunctive HBO Treatment of Children with Cerebral Palsy Anoxic Injury P Waalkes - Army 

Medical Department Journal, 2002; Cerebral anoxia include stroke, near drowning and CP. Currently 

the only treatment is supportive and palliative. Children with anoxic injuries are left with lifelong 

disabilities include mental retardation, spasticity, seizures and a myriad of physical deficits. As most 

disabilities are chronic they are met with multiple comorbid conditions such as orthopaedic 

deformities, skin breakdown and recurrent pulmonary infections. CP major causes include 

hemorrhage of fragile brain vasculature and hypoxic ischemic encephalopathy (HIE). Following a 

global insult cerebral perfusion and O2 availability are reduced. HBO on HIE include relief of hypoxia, 

improved microcirculation, reduced cerebral edema and improved cerebral metabolism. HBO 

provides stimulus for cellular functioning in those areas of supressed neuronal activity. As a result of 

improved circulation and metabolism patients may recover some brain function.  

Purpose of this study -to determine if ‘adjunctive HBO’ improved functional capacity in anoxic injury 

and to identify the optimal number of HBO treatments required. Tests- GMF – designed to detect 

changes in gross motor function with CP. GMF evaluates lying and rolling, crawling and kneeling, 

sitting, standing and walking, running and jumping. Each item is rated 0 – cannot initiate, 1- initiates 

activity, 2- partially complete activity, 3- complete activity. Spasticity level – 0 no increase in muscle 

tone to 4 limbs being rigid in flexion and extension. Functional skills – measures performance of self-

care, sphincter control, transfers, locomotion, communication, social independence etc. Video analysis 

– pre and post assessment. Parent Questionnaire at 40 and 80-hours of HBO categories include – 

sitting in chair, on floor; crawling; walking; reaching for objects; eating; personal hygiene; 

communication. Functional imaging – Tc-HMPAO SPECT scan prior to HBO and then at 40 and 80 
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hours. HBO base line 80-HBO 1.7 ATA 100% O2 60-minutes daily for 4-months. Results: Overall 

significant improvements GMF, spasticity, social interaction etc. Marked changes in regions of 

hypoperfusion on subsequent SPECT. Conclusion ‘adjunctive’ HBO appropriate for chronic brain injury 

– baseline and serial evaluations using multi-functional measures showed improved GMF and reduced 

total care time in children with CP. Early intervention seemed to effect overall improvement. An 

optimal number of treatments remains underdetermined since improvements were noted to the end 

of the study. 

73.  A Report From Parents on How Their Children's Lives Have Been  Improved by HBOT – Autism 

Spectrum Disorders – Update of Federal Gov Initiative Julie Gordon, Parent Board Member, IHMA, 

2004 – In 1995 I discovered that 500 children with cerebral palsy in England were being treated with 

HBO and were improving. One article about Linda Scotson’s 16 years old son who went from being 

blind, deaf and in a wheelchair to seeing, hearing and riding a two wheel bike no handed. Patients 

coming out of comas and evidence about idling neurons become active in the use of HBO and brain 

injuries. A MUM (Mothers United for Moral Support) was founded in 1997. MUMs network is a 

‘clearing house’ of information and resources for parents and HBO facilities. Today (2004) in the USA 

there are 131 HBO free standing facilities treating ‘off-label’ conditions using ‘adjunctive’ HBO. In 

addition there are 100 clinics in the UK and 11 in Scotland treating off label conditions including 

children with brain injuries. In Coquitam Bristish Columbia Canada 1999 a 10-person HBO chamber 

was established treating up to 30-children per day. Parents reported children being less spastic, sitting 

straighter in their wheel chairs, more relaxed, better head control, more attentive, more animated, 

initiating communication, improved feeding etc. Julie details changes to her own daughter at age 25 

and personal experiences using HBO. Many of the significant changes occurred after 60 HBO sessions 

her daughter has received over 215 HBO treatments (2004) and she is a totally different child. MUMS 

site has hundreds of parent testimonials and cites a number of parent’s testimonials to the Congress. 

One parent David Freels of Georgia has a 10year old son Jimmy who has CP. HBO improved Jimmy 

tremendously. David requested Medicaid to pay for his sons HBO treatments. Medicaid refused – 

David Freels sued and won. He based his claim on the language of the EPSDT statue that states in 

paragraph (5) 139d® that States provide “such other necessary health care … treatment and other 

measures … to correct or ameliorate defects and physical and mental illnesses and conditions 

discovered by the screening services, whether or not such services are covered under the State plan.” 

The State appealed. Ga. Dept of Cmty. Health v Freels 576S. E. 2
nd

 (Ct. App. 2002) held that the EPSDT 

statute required only ‘that a treatment be necessary to correct or ameliorate physical or mental 

conditions, not that a treatment be an acceptable standard of medical practise.’ Freels made history 

for his son and other parents with children suffering the effects of brain injury including CP and the 

ability to access HBO. 

74.  Court Of Appeals of Georgia 

75.  BEFORE THE OFFICE OF STATE ADMINISTRATIVE STATE OF GEORGIA 2006 Jimmy Freels minor to 

David Freels against State of Georgia. The Petitioner suffers spastic quadriplegia due to a severe form 
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of CP. This condition is a mid-brain injury causing defects in speech and motor function. Cp is not 

currently curable the goal of typical treatment protocol for a child with CP is to maximize the child’s 

potential for function. Typical therapies include physical therapy, occupational therapy, speech 

therapy, medications such as baclofen or Botox injections, adaptive orthopaedic appliances and 

corrective orthopaedic surgeries. Much of the controversy of HBO centres on the lack of double blind 

studies on its efficacy in the treatment of CP. Such double blind studies create a high degree of 

reliability in the medical profession; however the practise of medicine does not consist entirely of 

treatments that result from double blind studies. Clinical experience and ‘off-label’ uses of drugs and 

other treatments are not uncommon. Medications such as baclofen or Botox injections are such ‘off-

label’ uses in the treatment of CP. (Testimonial from various medical specialists). The patient received 

42 HBO between May 1999 and July 1999. SPECT-scan images were taken before HBO then again at 

20-HBO and again at 40-HBO. SPECT demonstrated a significant improvement in brain blood flow 

and metabolism. Amongst other forms of therapies the father opines that the ‘biggest leap’ occurred 

in speech, language and cognition after the first 42-HBO sessions. Other improvements included 

significant reduction of spasticity to his lower limbs and improved upper limb function. Dr Uzler 

specialist in SPECT testified the changed in SPECT imaging subsequent to the HBO. Dr Uzler observed 

a correction and amelioration of regional brain function. Dr Miller for Medicaid relied on the Collet 

study where there was ‘no reported difference between control and HBO treatment groups. Rebuttal 

by Dr Pierre Marois who has more than 50,000 consultations in CP and actively follows more than 

1500 children with CPO diagnosis and a co-author of the Collet Study. Dr Marois concluded the study 

demonstrated that all individuals that received HBOT in the study experienced statistically significant 

improvement measured by objective means and that the data demonstrated that HBOT corrects and 

ameliorates the underlying condition causing CP. The standard for reimbursement under Medicade 

Georgia is ‘corrects or ameliorates’ there is a preponderance of evidence that the HBO treatments 

were necessary to correct or ameliorate the Petitioners physical condition. 

76.  Hyperbaric Medicine and Brain Injured Children - Revolutionary New Treatments for 

Neurodevelopmental Diseases Kenneth Stoller - IHMA, Federal Government Initiative 2004. 

Comprehensive presentation by Stoller. The old concept of cerebral palsy being a ‘static insult’ is no 

longer tenable. It is now recognized in neurology that deterioration due to brain damage at birth may 

take place over 28-years. Stem or progenitor cells have been found in the adult brain and they can 

result in neural regeneration. This receiver is oxygen dependent and on first principles much more 

likely to take place in growing child. Compressed air at 1.3 ATA raises the plasma oxygen tension by 

almost 50% and that alone was enough for the children with CP in the McGill Quebec Study – both 

groups treated improved. Dr Marois ‘many tremendous functional improvements’ ‘some children 

started to walk, speak or to sit for the first time in their lives. The motor changes that were seen and 

measured with GMFM were greater, more generalised and were obtained in a shorter period of time 

than most of the improvements found in other studies of recognised conventional therapies of 

children with CP’.  In 1989 Neubauer and Gottlieb used SPECT imagining in a 60-years old woman 

who suffered a stroke 14-years previously. After 60-HBO there was significant SPECT changes which 

was confirmed with functional changes. The chronic nature of the injury did not appear to limit the 
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value of HBO. Stoller discusses commercial divers with DCI brain and or spinal cord in comatose and 

often paralysed – recoveries with HBO frequently require as many as 100 sessions before reaching a 

clinic plateau (diving scales at 90-minutes per HBO session). Stoller presents several cases including 8 

year old Augusta Skoog, child with CP; pre assessments compared with functional changes at 40 HBO 

and 80 HBO.       

77.  Expanding clinical Applications of Hyperbaric Oxygen Therapy Sala Horowitz PhD, April 2004 - 

The dozen or so application areas currently accepted for HBOT therapy by the mainstream medical 

and insurance establishment include those in which hypoxia is involved. HBOT is also used as an 

‘adjunct’ treatment for serious wounds and bone disorders and to assist pharmacological agents to 

enhance patient outcomes for serious life threatening disorders. Other Emerging Indications for 

HBOT Clinical observations and some experimental work supports the use of HBOT for treating 

HIV/AIDS and such neurologic disorders as cerebral palsy, multiple sclerosis, and stroke, although 

these indications are not universally accepted. According to Dr. Yutsis, HBOT is not utilized more 

widely in the United States because it is not promoted by pharmaceutical companies, taught in 

medical schools, or covered by health insurance; he said that this is also a result of the prevailing 

“quick-fix” mentality in medicine. He noted that HBOT is a standard medical modality in many 

countries with socialized medicine, including the United Kingdom, Germany, Italy, Russia, China, and 

Japan. Multiple Sclerosis HBOT is widely used in the United Kingdom for slowing the progression of 

multiple sclerosis (MS), whereas patients with MS in the United States are rarely told about this 

treatment option despite some research support for its efficacy. Based on their clinical experience and 

research, Dr. Neubauer and a colleague have theorized that MS is essentially a circulatory problem, 

leading to central nervous system oxygen deprivation and lesions. As Dr. Yutsis, noted, these lesions 

destroy the myelin sheaths of nerve fibres and, secondarily, produce immune system damage.1 Dr. 

Neubauer said that, of approximately 10,000 patients with MS who were treated via HBOT in 14 

countries in the mid-1980s, 70 precent had improvements in cognitive, visual, speech, bladder, and 

bowel functioning as well as experiencing less muscular spasticity. Patients who participated in a 

HBOT booster program also experienced fewer relapses without the serious side-effects of 

conventional medications used for treating MS. (See Recommended Reading.) A controlled study 

suggesting some positive, although transient, effects of HBOT on the symptoms of advanced MS was 

Reported in The New England Journal of Medicine. Other similarly favourable results have also been 

reported. While a meta-analysis of 14 controlled trials did not recommend the use of HBOT for 

treating MS, the authors of a more recent review of randomized trials concluded that “[t]here is some 

case for further investigation of possible therapeutic effects in selected sub-groups of patients,” 

although they did not recommend the routine use of HBOT for treating MS. In Dr. Yutsis’ opinion, 

HBOT is a valuable adjunct to standard and other alternative and complementary medicine (ACM) 

treatments (e.g., massage, occupational and speech therapy) used to address MS. Stroke is not one of 

the officially sanctioned indications for HBOT in the United States. In contrast, patients who have 

strokes in Germany can have intensive courses of HBOT paid for by health insurance. But using HBOT 

to minimize damage induced by strokes is an especially promising new treatment approach that can 

be used in tandem with conventional therapies. It has been theorized that supplemental infusion of 
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oxygen can help revitalize partially damaged areas of the brain by assisting the brain’s reorganization. 

According to Dr. Neubauer and a colleague, HBOT is most effective in the periods before or after the 

reorganization phase. HBOT works well with physical and other rehabilitation therapies to assist this 

reorganizing process. The area between the infarct and less-affected surrounding tissue, the ischemic 

penumbra, contains “idling” or dormant neurons. The larger the penumbra zone is, the greater the 

potential exists for some improvement. HBOT improves microcirculation, relieves brain swelling and 

spasticity, reduces free-radical damage, and stimulates nerve impulses along the spinal cord where it 

meets the brain. According to Dr. Yutsis, HBOT given to patients even several years post stroke may 

decrease their disabilities. Cerebral Palsy HBOT can help lessen the resulting paralysis or spasticity of 

limbs and mental impairments in both children and adults who have sustained brain damage prior to 

or at birth as a result of reduced blood flow to the brain, thus, facilitating benefit derived from other 

therapies. As in the case of strokes, HBOT is hypothesized to reawaken less-damaged or dormant 

nerve cells. HBOT has improved sensorimotor function and attenuated neuronal damage in the brains 

of neonatal rats that were deprived of adequate oxygen, a hypoxia-ischemia condition simulating the 

developmental condition resulting in cerebral palsy. Other conditions discussed Dementia, HIV/AIDS, 

Lyme Disease and other chronic illnesses, Cancers. Moreover, a review of 57 clinical studies from 1998 

to 2001 on HBOT as an adjunct treatment for wounds concluded that, while HBOT helped to heal 

diverse types of wounds, the overall qualities of the studies was poor. Hyperbaric Oxygen Therapy 

Facilitates Healing • Lessens the chance of infection • Encourages the growth of new tissue and blood 

vessels • Reactivates dormant neurons in brain injuries • Boosts the immune system • Helps the body 

distinguish between diseased and healthy tissue.       

78.  Hyperbaric Medicine Today – Featured Article (page 12-15) – 2
nd

 International Symposium for 

HBO in CP and the Brain Injured child 2001. Sham Science and Cerebral Palsy Vol 1, Issue VI, 

2002 Speakers at Symposium – James from UK – 110 centres treating MS and children with CP. Uzler 

(USA) – use of SPECT pre and post for children and adults with neurologic disorders including CP. 

Marois & Vanasse (Canada) HBO for CP children – both HBO and low HBO at 1.35 ATA benefits (this 

fostered an entire industry using HBO 1.3ATA). Harch USA 1.5 ATA. Kazantseva (Russia) – 1.2ATA HBO 

for 20-30 minutes several times each day. Wassman (Germany) 1.5 ATA optimal for glucose 

metabolism. Chavdarov (Bulgaria) long term improvements with CP at 1.5 ATA. Zerbini (Brazil) 1.5 ATA 

CP children. Xue (China) long term effects CP children lasting several years; the number of HBO based 

ongoing depending on continuing improvements. Shancez (Mexico) early HBO in babies pre-term. 

Heuser (USA) 1.3 ATA HBO Bag with SPECT changes in CP. Cassidy (USA) HBO and Autism. Radar 

(USA) Embryonic Stem Cells injected IV and subcut. Campbell (USA) Vaccinated related to Autism. 

Golden (USA) Cerebral metabolism HBO and SPECT – longer course of HBO for dramatic 

improvements. Hai (China) HBO on rats with HIE. Lobov (Russia) 2ATA HBO CP. Cronje (South Africa) 

HBO CP. Gueso (Hungry) HBO combined with pulsing electromagnetic field. Galvez (Cuba) 33-HBO 

facilities in Cuba also treating neurologic disorders – CP, Stroke etc. Nof & Cralle (USA) HBO 

combination with complimentary therapies heighten outcomes. Locklear (USA) supporting IHMA not 

for profit. 
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Page 18 - Sham Science and Cerebral Palsy – Dr Stoller – entire article.        

79.  Hyperbaric Oxygen for children with Cerebral Palsy: a randomised multicentre trial The Lancet, 

Vol 357, 2001           

80.  The Relevance of Hyperbaric Oxygen to Combat Medicine James Wright - USAF School of 

Aerospace Medicine, 2000 Actions of HBO detailed upregulating effects of hyperoxia. HBO is 

paradoxical – upregulation effects of events stimulated in hypoxia are upregulated in hyperoxia – 

angiogenesis, osteoclastic activity, VEGF, Transforming growth factors – beta (TGF-Beta) etc.         

81.  Hyperbaric Oxygenation in The Acute Stroke RA Neubauer Benefits HBO chronic Stroke because of 

certain rapid physiological effects of hyperbaric oxygenation, it may perhaps be a treatment of choice. 

1) It reduces cerebral edema-focal and generalized. 2) It overcomes ischemia hypoxia, thus stopping 

or reducing the ischemic cascade. 3) It protects the integrity of the cell membrane and restores the 

integrity of the blood brain barrier. 4) It neutralizes toxic amines. 5) It neutralizes free radical. 6) It 

reduces the adhesiveness of the red cell and stickiness to the platelets to the endothelium. 7) It 

efficiently elevates the driving force for oxygen making increasing tissue space availability. 8) It 

reactivates dormant idling hypoxic neurons. 9) It reduces lactate peaks.      

82.  Evidence based Medicine and Oxygen Treatment Wolfson Hyperbaric Medicine Unit brochure 

(Dundee) 2012 -  

83.  Low Pressure Hyperbaric Oxygen Therapy as an Investigational Treatment for Hemorrhagic 

Development Disabilities incl. Rett Syndrome & Cerebral Palsy Earl Williams M.Sc - UCLA, 1999 

Benefits of HBO with a range of neurologic conditions including CP, Rett Syndrome using SPECT pre 

and post assessments. Wide range of supporting references.           

84.  Hyperbaric Oxygen for Treatment of Stroke & Traumatic Brain Injuries 1998 Johnson Medical 

Sources - Fifty stable, chronic stroke and traumatic brain injury (TBI) patients (mean age 62, mean 

duration post stroke 29 months) were treated with a combination of hyperbaric oxygen, physical 

therapy and EEG biofeedback for two months. Surveys given to patients or their family members 

showed that 96.7% of the patients improved one or more of their lost or diminished functions. Pre- 

and post-treatment, physical therapy evaluations indicated that 100% of the patients experienced 

improvements in one or more functions. These results suggest hyperbaric oxygen therapy along with 

other modalities provide safe and efficient treatment of stroke or TBI related disabilities. 

Brain areas that are injured and are not receiving enough blood flow as a result of the stroke or 

trauma are now referred to as the "ischemic penumbra". This is the area that surrounds the central 

core of infracted (dead) tissue. These "rim" tissues do not receive enough oxygen to function but do 

receive enough to stay alive. These brain cells have been described as "sleeping beauties", "sleeping 

neurons" or "dormant" or "idling neurons". These neurons are nonfunctional but anatomically intact 

and can be revived. It is widely recognized that damaged blood vessels are thought to produce the 

ischemic penumbra in stroke or TBI. In the acute phase of stroke or TBI, those damaged blood vessels 
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lead to significant edema (swelling of the tissues as a result of the damage). This swelling may take up 

to 9 to 12 months to resolve, and the swelling compresses brain blood vessels, limits the flow of 

blood to the damaged tissues. As the swelling goes away, some of the blood vessels will regain their 

original diameters and normal blood flow will resume (9). It was widely documented that the water 

content of edematous tissue of the brain was decreased significantly by HBO. Another process is 

"neovascularization", also known as "angiogenesis". This is the process of forming new capillaries that 

extend from the surrounding healthy brain tissue into the areas of the ischemic penumbra. The 

outermost portions of the ischemic penumbra (those portions closest to normal brain tissue) are able 

to metabolize but at a reduced rate than normal tissues, however, they are receiving more blood and 

oxygen than the centrally located ischemic tissues. Adenosine, a metabolite of ATP, is released from 

ischemic "rim" tissues when cells metabolism and repair. Adenosine is a vasodilator that stimulates 

new capillaries to grow into the ischemic penumbra (neovascularization). Thus during the first year 

after a stroke or TBI, new blood vessels are stimulated to move into the ischemic penumbra to re-

supply it with a new blood supply. Unfortunately, the ischemic penumbral tissues closer to the infarct 

area usually are not receiving enough oxygen or nutrients to generate adequate amounts of ATP - 

either from aerobic or anaerobic metabolism for neovascularization to occur. Due to the lack of ATP 

formation, adenosine is not produced and the formation of new capillaries does not occur. Thus the 

ischemic penumbra remains ischemic and static since the process of neovascularization is not able to 

be completed. This often results in a substantial amount of brain tissue that remains ischemic and 

non-functioning in the chronic stroke and TBI patients. This failure of natural healing processes is due 

ultimately to damaged blood vessels and their inability to provide oxygen and nutrients to those 

portions of the brain that are damaged. Hyperbaric oxygen works to improve chronic stroke and TBI 

patients by regenerating, repairing and generating new blood vessels to the injured parts of the brain. 

In the ischemic penumbra, the blood vessels are often constricted to the point that red blood cells 

cannot pass through them. This creates the situation where only plasma is able to pass slowly to part 

or most of the ischemic area. Since plasma has nutrients, the tissues of the ischemic penumbra are 

able to remain alive by using anaerobic glycolysis (metabolism without oxygen) also known as 

fermentation. Anaerobic glycolysis only produces 2 moles of ATP per mole of glucose metabolized 

instead of the 36 moles of ATP formed when oxygen is present. Thus the tissues suffer from a chronic 

shortage of ATP and its subsequent metabolite- adenosine. Hyperbaric oxygen forces oxygen into the 

plasma to such a degree that as the plasma passes into the ischemic penumbra, the ischemic tissue 

begins to receive enough oxygen for aerobic glycolysis (metabolism that uses oxygen) to occur once 

more. This creates a surge of ATP production in the ischemic tissue which continues to be produced 

as long as the patient is within the hyperbaric oxygen chamber. When the patient is taken out of the 

chamber, blood and tissue levels of oxygen fall back to pre-treatment levels within 4 hours. As the 

tissue oxygen level falls, the newly generated ATP is used by the ischemic tissues and adenosine is 

released into the surrounding tissues in an effort by the tissues to continue to receive the oxygen that 

it just had been receiving. As a part of this survival mechanism, adenosine and other chemical 

mediators are released into the surrounding tissues stimulating angiogenesis. Done daily over time, 

the HBO stimulates new blood vessels to grow into the ischemic tissues returning them back to 
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normal in terms of their oxygen supply. Recovery of function is associated with recovery of local 

perfusion and metabolism. Once the ischemic penumbral tissues are no longer suffering from a lack 

of oxygen, they are able to begin to repair their injured neurons, glial cells and extracellular matrix. 

These tissues now have to try to repair their own cell bodies, dendrites, axons and synapses but also 

have to grow out and extend to the many lost connections that occurred with the stroke. Treatment 

of acute and chronic focal cerebral ischemia with hyperbaric oxygen has been reported both in animal 

and in humans. The results of the clinical research have suggested a promising role for the use of 

HBO. In this study, we showed that HBO is quite efficient when used as a part of combined therapy 

and patients did benefit from this therapy.          

85.  Reversal of Residual Stroke Symptoms Using Hyperbaric Oxygen Therapy 1996 - More than 

1000 patients who sustained cerebrovascular disease have been treated with HBOT and have 

shown improvement that ranges from 40 percent to 100 percent.  

Treatment with HBO also has numerous other attributes for the stroke-impaired individual that 

cannot be duplicated by any other known drug. For brain pathophysiologies, oxygen under pressure: 

Overcomes ischemia/hypoxia and breaks the ischemic cascade. Reduces cerebral edema, thereby 

enhancing local blood flow with its improved nutrient delivery and removal of metabolic waste 

products. Restores the integrity of the blood-brain barrier and cell membranes. Stimulates cell 

transport mechanisms and cell metabolism, thereby ameliorating local acidosis while improving 

neuronal function and aiding neuronal plasticity. Scavenges free radicals. Neutralizes toxic amines. 

Promotes phagocytosis, fibroblast proliferation, and collagen production. Stimulates angiogenesis. As 

an international lecturer on hyperbaric oxygenation and the primary exponent of HBOT for stroke 

management in the United States, Dr. Neubauer affirms that stroke and other brain injuries share a 

common pathophysiology. Therefore, successful stroke management should include evaluation by 

initial and delayed SPECT imaging. Identification of potentially recoverable brain tissue warrants every 

effort at restoring a stroke patient to good health.     
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VOLUME 3 - LOKOMAT/ROBOTICS 

1.  Hocoma Clinical Report - UT Sothwestern uses Lokomat system to search for clues on how to 

enhance SCI training 

2.  Hocoma Clinical Report – Spaulding Rehab’s spinal cord injury program helps patients walk with 

Lokomat system – CP case 

3.  Hocoma Clinical Report – Shepard Center blends manual and robotic locomotor therapy for state of 

art SCI, TBI, CP rehab Rehab’s spinal cord injury program helps patients walk with Lokomat system 

4.  Spinal Cord Injury and Physical Activity: Transforming Rehabilitation Mary Galea, Spring 2012 

Australian Universities should consider offering a specialized program in Rehabilitation Engineering to 

harness local innovations to develop and adapt new technology to meet the needs of people with 

spinal cord injury or other disabilities. The gold standard of experimental design in clinical research is 

considered to be the RCT. Observational and non-experimental research designs are susceptible to 

bias and confounding variable. In recent years there has been a push for ‘Comparative Effectiveness 

Research (CER) defined as: ‘the generation and synthesis of evidence that compares the benefits and 

harms of alternative, methods to prevent, diagnose, treat and monitor or improve the delivery of care. 

The purpose of CER is to assist consumers, clinicians, purchasers and policy makers to make informed 

decisions that will improve health care at both the individual and population levels’. The concept of 

clinical practise improvement (CPI) as an alternative to RCTs. CPI studies overcome many of the 

difficulties associated with RCTs that require meeting conditions for estimation of unbiased effects, 

notably standardization of treatment protocols, restrictive selection criteria (and therefore 

generalizability), blinding and randomization. CPI studies do not alter treatment regimen to evaluate 

the efficacy of a particular intervention, but examine what actually happens as part of the standard 

care. Exercise even in short bursts has been shown to have positive effects on the regeneration of 

both motor and sensory nerves mediated by neurotrophic effects. Moderate intensity treadmill 

training or a combination of electrical stimulation each led to accelerated nerve regeneration and 

enhanced muscle reinnervation. 

5.  Recent Trends in Assistive Technology for Mobility R Cowan - Journal of NeuroEngineering and 

Rehabiitation - BioMed Central, 2012. Loss of physical mobility makes maximal participation in desired 

activities more difficult and in the worst case fully prevents participation. This paper is a tour of 

academic and industrial research sites in Europe. The underlying theme of this recent work is a more 

seamless integration of the capabilities of the user and the assistive technology.  Improved integration 

is being accomplished in three ways: 1) improving the assistive technology mechanics; 2) improving 

the user-technology physical interface; and 3) sharing of control between the user and the  

technology. We provide an overview of these improvements in user-technology integration and 

discuss whether such improvements have the potential to be transformative for people with mobility 
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impairments. Indirect, or therapeutic, technologies enhance mobility by reducing impairments at the 

body structure/function level by helping the body in repairing or redressing the body structure 

impairment, or by supporting rehabilitation of the impaired body function. Wheelchairs and walkers 

are prime examples; they enhance mobility, but they do not alter the impairment underlying the 

mobility loss. Robotic therapy devices are another example of an indirect approach because they 

allow people to reduce impairment through repetitive movement training improving the underlying 

impairment. Robotic exoskeleton research and development was originated by the military in the 

1960’s. However, mobility for people with a disability has recently become a focus of robotic 

exoskeleton research. In the future, the distinction between therapeutic and assistive technologies will 

dissolve. As robotic exoskeletons advance, patients will be able to wear them in the home and 

community, receiving both activity-based therapeutic interventions and supportive assistance as 

needed. This combined assistive-therapeutic model for assistive technology has already been 

demonstrated for foot drop stimulators. Long-term use of a foot drop stimulator improves the ability 

of a person to walk, even when the stimulation is turned off. A key goal of the NSF Study was to 

identify research themes that could “transform mobility for people with a disability.” It makes sense to 

ask what transformative technologies will look like, and, more specifically, will improvements in user-

technology integration be transformative, or are entirely new technologies required? To illustrate 

“transformative,” let us define transformative technology as that which elevates mobility performance 

by people with a disability to that of their non-disabled peers.       

6.  Technologies and Combination Therapies for Enhancing Movement Training for People with a 

Disability D Reinkensmeyer/M Boninger - Journal of NeuroEngineering & Rehabilitation, 2012 

There has been a dramatic increase over the last decade in research on technologies for enhancing 

movement training and exercise for people with a disability. This paper reviews some of the recent 

developments in this area, using examples from a National Science Foundation initiated study of 

mobility research projects in Europe to illustrate important themes and key directions for future 

research. This paper also reviews several recent studies aimed at combining movement training with 

plasticity or regeneration therapies, again drawing in part from European research examples. Such 

combination therapies will likely involve complex interactions with motor training that must be 

understood in order to achieve the goal of eliminating severe motor impairment.  A key working 

hypothesis of rehabilitation science is that use-dependent plasticity perseveres through motor system 

injuries and diseases. This hypothesis drives intensive, ongoing efforts to optimize rehabilitation 

experiences for people with a movement disability, so as to best promote use-dependent plasticity. In 

the past twenty years, there has been an increasing recognition that technologies, including robotics, 

orthotics, wearable sensors, computer vision, computer gaming, electrical stimulation, virtual reality, 

machine learning, and computational modeling, can play an important role in these efforts. 

Combination therapies - improvements in motor performance following rehabilitation therapy, with or 

without technology, are often modest. While refinements in rehabilitation technology will likely 

improve clinical outcomes by making therapy more available, more motivating, and perhaps more 

targeted and effective, it is also likely that recovery will ultimately be limited unless the damaged or 

diseased biological systems responsible for the motor impairment are restored. We define 
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combination therapies as rehabilitation strategies that combine drug, molecule, or cell based 

therapeutics with technology for movement training. Recent studies examining biological therapeutics 

in neural injury suggest that combination therapies involve complex interactions with motor training 

that must be understood in order to achieve the goal of eliminating severe motor impairment. A key 

example comes from Dr. James Fawcett’s group at Cambridge University, The plasticity treatment 

chondroitinase induced axonal sprouting; rehabilitation exercise pruned and connected the sprouts. 

Thus the new neural resource made available during a window of time by chondroitinase was wasted 

without rehabilitation exercise. Practicing a target motor skill (i.e., skilled paw retrieval) appeared to 

recruit the newly available neural resources to serve and improve the skill. Practicing other motor skills 

(as the rats did in the fun cage), appeared to negatively affect the learning of skilled paw use. Thus, 

there may exist a neural competition for the new neural resources induced by plasticity treatment. The 

type of movement practice experienced may drive the competition.  

Another study examined the individual and combined effects of locomotor training and treatment 

with the Anti-Nogo-A antibody, which helps prevent inhibition of neurite outgrowth following spinal 

cord injury in rats. Prof. Gregoire Courtine of the Experimental Neurorehabilitation Lab at the 

University of Zurich. This group uses animal models of SCI to help inform their clinical use of robotic 

devices, and is investigating use of electrical stimulation of the spinal cord for motor function 

combined with neuropharmacological interventions recent study from this group with a remarkably 

comprehensive quantitative analysis coupled robotic locomotor training, pharmacological 

intervention, and epidural electrical stimulation in rats with a complete SCI. The combination of 

approaches produced additive effects that allowed the injured rat to walk nearly normally. These 

authors therefore argued that the diffusely distributed and heterogeneous character of neuromotor 

control systems demand multiple complementary approaches. In the words of Dr. Fawcett and Dr. 

Armin Curt, “the plastic CNS may be very vulnerable to poorly planned rehabilitation”.  

Physical therapeutic technologies may help provide control over which functions are reprogrammed, 

and therefore may help to maximize synergism and minimize competition. There is an explosion in 

new rehabilitation technologies; however, the field is in its infancy. We expect there to be a “science of 

combination therapies” that seeks to understand the complex interactions between training, plasticity, 

and regeneration. The most effective physical therapeutic technologies of the future will likely be 

based on this science.         

7.  Over-ground and robotic-assisted locomotor training in adults with chronic stroke: a blinded 

randomized clinical trial. Disabil Rehabil Assist Technol. 2012 Sep 20. The purpose was to compare 

the effectiveness of robotic-assisted body weight supported treadmill training using the Lokomat(®) 

to over-ground gait training (OGT) in adults with chronic stroke. Methods: Participants were randomly 

assigned to the Lokomat(®) or OGT interventions. Both protocols included 40 sessions over 8 weeks. 

Primary outcome measures were the 10-meter walk test and 6-minute walk distance. Secondary 

measures included the Functional Independence Measure(TM) locomotion score, Fugl-Meyer Lower 

Extremity Motor Score (FM-LE), Barthel Index, and Stroke Impact Scale. Blinded assessors tested the 

participants at baseline, post-intervention, and 3-month follow-up. Results: Eleven Lokomat(®) and 

nine OGT participants completed the study. Within group differences in the FM-LE score and Barthel 

http://www.ncbi.nlm.nih.gov/pubmed/22992166
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Index occurred over time from baseline to post-intervention and baseline to 3-month follow-up. No 

other within group differences and no between group differences were observed. Conclusions: 

Although walking measures did not show significant changes between groups, LE motor function and 

physical functional levels improved over time within both groups. The Lokomat(®) may allow 

aggressive locomotor training, particularly for the lower functioning patients who wish to improve 

walking ability due to apparent eased therapist physical burden, when compared to OGT, although an 

increased risk of skin breakdown is present.  

8.  The effects of Robotic-Assisted Locomotor training on spasticity and volitional control. IEEE Int 

Conf Rehabil Robot. 2011;2011:597 We studied the effects of Robotic-Assisted Locomotor  

(LOKOMAT) Training on spasticity and volitional control of the spastic ankle in persons with 

incomplete Spinal Cord Injury (SCI). LOKOMAT training was performed 3 days/week during a 1-hr 

period including set-up time with up to 30 minutes of training during a single session. The training 

was provided for 4 weeks and subjects were evaluated before and after 1, 2, and 4 weeks of training. 

Spasticity was charterized in terms of neuromuscular abnormalities associated with the spastic joint. 

Our results indicated that the reflex stiffness, abnormally increases in SCI, was significantly reduced 

(up to 65%) following 4-weeks of LOKOMAT training. Similarly, intrinsic (muscular) stiffness, which 

also abnormally increases in SCI, decreased significantly (up to 60%). MVCs were increased 

substantially (up to 93% in extensors and 180% in flexors) following 4-week training. These findings 

demonstrate that LOKOMAT training is effective in reducing spasticity and improving volitional 

control in SCI. 

9.  Feasability and Effects of Patient Cooperative Robot-Aided Gait Training Applied in a 4-Week 

Pilot Trial   A Schuck - Journal NeuroEngineering and Rehabilitation, 2012 - Functional training is 

becoming the state-of-the-art therapy approach for rehabilitation of individuals after stroke and 

spinal cord injury. Robot-aided treadmill training reduces personnel effort, especially when treating 

severely affected patients. Improving rehabilitation robots towards more patient-cooperative behavior 

may further increase the effects of robot-aided training. Patient-cooperative robot-aided gait training 

is feasible in clinical practice and overcomes the main points of criticism against robot-aided gait 

training: It enables patients to train in an active, variable and more natural way.            

10.  Active robotic training improves locomotor function in a stroke survivor. J Neuroeng Rehabil. 

2012 Aug 20;9(1):57. One key factor responsible for this is the use of control strategies that provide 

substantial guidance. This strategy not only leads to a reduction in volitional physical effort, but also 

interferes with motor relearning. 52-year-old male stroke survivor. This gait training paradigm 

combined patient-cooperative robot-aided walking with a target-tracking task. Active robotic training 

resulted in considerable increase in target-tracking accuracy and reduction in the kinematic variability 

of ankle trajectory during robot-aided treadmill walking. These improvements also transferred to 

overground walking as characterized by larger propulsive forces and more symmetric ground reaction 

forces (GRFs). Training also resulted in improvements in muscle coordination, which resembled 

patterns observed in healthy controls. These changes were accompanied by a reduction in motor 

cortical excitability (MCE) of the vastus medialis, medial hamstrings, and gluteus medius muscles 

during treadmill walking. Importantly, active robotic training resulted in substantial improvements in 

http://www.ncbi.nlm.nih.gov/pubmed/22275643
http://www.ncbi.nlm.nih.gov/pubmed/22275643
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several standard clinical and functional parameters. These improvements persisted during the follow-

up evaluation at 6 weeks. 

11.  Lokomat Robotic Assisted Versus Overground Training within 3 to 6 months of Incomplete 

Spinal Cord Lesion M Alcobendas-Maestro - Neurorehabilitation & Neural Repair, 2012 About 75% 

of persons with ASIA (American Spinal Injury Association) Impairment Scale C and D incomplete spinal 

cord injury (SCI) achieve walking ability. Robotic-assisted training was equivalent to conventional walk 

training in patients with a variety of non-progressive spinal cord pathologies for walking speed, but 

the need for orthotics and assistive devices was reduced, perhaps because of greater leg strength in 

the robotic group.          

12.  Effects of robot-assisted gait training on cardiopulmonary fitness in subacute stroke patients: a 

randomized controlled study Neurorehabil Neural Repair. 2012 Robot-assisted gait training has the 

potential to improve cardiopulmonary fitness after stroke, even for patients who are in the early 

stages of recovery and not independent ambulators. Patients can be trained to increase their VO(2) 

and lower-extremity strength using a robotic device for stepping during inpatient rehabilitation. This 

training has the potential to improve cardiopulmonary fitness in patients who are not yet 

independent ambulators, but that may require more than 2 weeks of continued, progressive training. 

13.  Clinical training and competency guidelines for using robotic devices IEEE Int Conf Rehabil 

Robot. 2011;2011:5975 Center for Applied Biomechanics and Rehabil. Research, National 

Rehabilitation Hospital, Washington, DC, USA. With the increasing popularity of robotic devices in 

rehabilitation centers worldwide (e.g. Lokomat(®), ZeroG(®), ReoGo, InMotion 2.0, and Biodex System 

4), there is a need for guidelines to ensure proper training and evaluation of therapists on the safe 

and effective use of these devices. Here, we present training tools and guidelines that were based on 

the recommendations of several device manufacturers and a user-group made up of clinicians and 

therapists. The training tools consist of a detailed user manual, clinical manual, hand-on training, 

video training and web based training tools. We also present procedures for evaluating user 

competency after they have completed detailed training. We believe that the comprehensive training 

and competency evaluation guidelines presented here will help ensure that rehabilitation robotic 

devices are used properly. This in turn will lead to more effective interventions and reduce the 

likelihood of injury. 

14.  The Effects of Robotic-assisted locomotor training impact on spasticity and volitional control 

Conf Proc IEEE Eng Med Biol Soc. 2011; Department of Physical Medicine and Rehabilitation, 

Northwestern University Medical School. We studied the effects of Robotic-Assisted Locomotor 

(LOKOMAT) Training on neuromuscular properties and muscle strength of the spastic ankle in persons 

with incomplete Spinal Cord Injury (SCI). LOKOMAT training was performed 3 days/week during a 1-hr 

period including set-up time. The training was provided for 4 weeks and subjects were evaluated 

before and after 1, 2, and 4 weeks of training. A system identification technique was used to quantify 

the effects of LOKOMAT training on neuromuscular abnormalities. The effect of LOKOMAT training on 

muscle strength was determined by measuring isometric maximum voluntary contraction (MVC) of 

ankle extensor and flexor muscles. Our results indicated that the reflex stiffness, abnormally increases 

http://www.ncbi.nlm.nih.gov/pubmed/22086903
http://www.ncbi.nlm.nih.gov/pubmed/22275582
http://www.ncbi.nlm.nih.gov/pubmed/22275582
http://www.ncbi.nlm.nih.gov/pubmed/22255249
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in SCI, was significantly reduced (up to 65%) following 4-weeks of LOKOMAT training. Similarly, 

intrinsic (muscular) stiffness, which also abnormally increases in SCI, decreased significantly (up to 

60%). MVCs were increased substantially (up to 93% in extensors and 180% in flexors) following 4-

week training. These findings demonstrate that LOKOMAT training is effective in reducing spasticity 

and improving muscle strength in SCI. 

15.  The effect of robot-assisted lokomotor training on gait recovery: a multivariate analysis. Conf 

Proc IEEE Eng Med Biol Soc. 2011 Dept of Physical Medicine and Rehabilitation, Northwestern 

University. To explore the effect of LOKOMAT and LOKOMAT+Tizanidine on the improvement of 

walking capacity for people with spinal cord injury (SCI). LOKOMAT+Tizanidine presented a significant 

improvement of their training speed from the training session.  

16.  Measurement of Muscle Stiffness using Robotic Assisted Gait Orthosis in Children with Cerebral 

Palsy: a proof of concept Institute of Human Movement Sciences and Sport, Zurich, 2011 To 

evaluate the feasibility and reliability of a novel stiffness assessment tool implemented in the driven 

gait orthosis Paediatric Lokomat; to investigate the influence of single robotic-assisted gait training 

(RAGT) on muscle stiffness in children with cerebral palsy (CP). Using the assessment tool, a significant 

decrease in muscle stiffness in participants, especially in children with high levels of muscle tone, 

could be shown after a single session of RAGT.            

17.  Robotic-assisted locomotor training impact on neuromuscular properties and muscle strength 

in spinal cord injury. Conf Proc IEEE Eng Med Biol Soc. Our results indicated that the reflex stiffness, 

abnormally increases in SCI, was significantly reduced (up to 65%) following 4-weeks of LOKOMAT 

training. Similarly, intrinsic (muscular) stiffness, which also abnormally increases in SCI, decreased 

significantly (up to 60%). MVCs were increased substantially (up to 93% in extensors and 180% in 

flexors) following 4-week training. These findings demonstrate that LOKOMAT training is effective in 

reducing spasticity and improving muscle strength in SCI. 

18.  Assessment of the Impact of Orthotic Gait Training on Balance in Children with Cerebral Palsy        

M Druzbicki - Institute of Phyiotherapy, Rzeszow, Poland, Acta Bioeng BioMech, 2010 The study 

showed that training with active orthosis can have positive influence on the balance improvement 

with children with CP.          

19.  Robotic-Assisted Treadmill Therapy Improves Walking & Standing Performance in Children & 

Adolescents with Cerebral Palsy I Borgraefe et al - European Paediatric Neurology Society, 2010 

Task-specific body-weight-supported treadmill therapy improves walking performance in children 

with central gait impairment. The aim of the study was to investigate the effect of robotic-assisted 

treadmill therapy on standing and walking performance in children and adolescents with cerebral 

palsy and to determine parameters influencing outcome. Children and adolescents with bilateral 

spastic cerebral palsy showed improvements in the functional tasks of standing and walking after a 3-

week trial of robotic-assisted treadmill therapy. The severity of motor impairment affects the amount 

of the achieved improvement. 

20.  Pilot study of Lokomat versus manual assisted treadmill training for locomotor recovery post 

stroke. Journal Neuroengineering and Rehabilitation 2009. Results suggest Lokomat training may 

http://www.ncbi.nlm.nih.gov/pubmed/22255104
http://www.ncbi.nlm.nih.gov/pubmed/22255104
http://www.ncbi.nlm.nih.gov/pubmed/22255249
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have advantage over manual training following a modest intervention dose in chronic hemiparetic 

persons and further, that out training speeds produce similar gait improvements.            

21.  Robot-Assisted Task-Specific Training in Cerebral Palsy BR Brewer - Developmental Medicine & 

Child Neurology, 2009 Our goal was to examine the feasibility of applying therapeutic robotics to 

children and adults with severe to moderate impairment due to cerebral palsy (CP). Pilot results 

demonstrated significant gains for both groups. These results suggest that robot-mediated therapy 

may be an effective tool to ameliorate the debilitating effects of CP and provide new opportunities for 

reducing impairment and improving coordination. The future Robotic Gyms- Robotic therapy 

facilitates motor recovery following stroke harnessing and promoting brain plasticity. The robotic 

group improved twice as much as the control; group in shoulder and elbow moves in recent stroke 

trial. Spaulding Rehabilitation Hospital is currently using robotic rehabilitation including CP adult and 

children. Movement therapy has a significant and measurable impact on NeuroRecovery following 

stroke and other brain related injuries. Ultimately augmenting recovery and quality of life.            

22.  Gait Quality is Improved by Locomotor Training in Individuals with SCI Regardless of Training 

Approach  Nooijen - Journal of NeuroEngineering & Rehabilitation, 2009 Gait training improves 

functional outcomes for incomplete SCI. The greatest improvement was with active participation 

effects of the patient whilst undertaking directed repeated movements.            

23.  International Neurorehabilitation Symposium 2009 The Use of the Lokomat System in Clinical 

Research Keith Tansey – Advantages v Disadvantages - Manual BWSTT v Robotic  

24.  HyperMed NeuroRecovery – Lokomat 2009 – Functional Locomotion Therapy – Spinal Cord 

Injuries, Stroke, Traumatic Brain Injury, Multiple Sclerosis, Cerebral Palsy M Hooper - HyperMed 

NeuroRecovery Lokomat, 2009.            

25.  Pilot Study of Lokomat Versus Manual-Assisted Treadmill Training for Locomotor Recovery 

Post-Stroke KP Westlake - Centre for Applied Biomechanics & Rehabilitation Research, Journal 

NeuroEngineering and Rehabilitation        

26.  Lokomat Australian Experience: Robotically Gait Assisted Body Weight Support Treadmill 

Training (BWSTT) – Lokomat Gait Training. Is it an effective and financially feasible treatment?   

M Hooper - Lokomat Australian Experience, 2008             

27.  Exercise Mediated Locomotor Recovery  and Lower Limb Neuroplasticity After Stroke 2008 Larry 

Forrester Journal Rehabilitation Research & Development 

28.  Abnormal Joint Torque Patterns Exhibited by Chronic Stroke Subjects While Walking with a 

Prescribed Physiological Gait Pattern ND Neckel - Center for Applied Biomechanics & 

Rehabilitation Research, Journal NeuroEngineering and Rehabilitation, 2008       

29.  Effectiveness of Body Weight Support Treadmill Training on Functional Mobility Skills in 

Spastic Cerebral Palsy  S Joshi - Rajiv Ghandi University of Health Sciences, Bangalore, India, 2007           

30.  Biofeedback for Robotic Gait Rehabilitation L Lunenburger - Journal of NeuroEngineering & 

Rehabilitation, 2007           
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31.  Enhanced Gait Related Improvements After Therapist versus Robotic Assisted Locomotor 

Training in subjects with Chronic Stroke – A RCT: Hornby - Stroke 2012 Therapist assisted LT 

facilitates greater improvements in walking ability in ambulatory stroke survivors as compared to a 

similar dose with robotic assisted training.  

32.  Prospective, Blinded, Randomized Crossover Study of Gait Rehabilitation in Stroke Patients 

Using the Lokomat Gait Orthosis 2007 The American Society of Neurorehabilitation Treadmill 

training with partial body weight support has been suggested as a useful strategy for gait 

rehabilitation after stroke. This prospective, blinded, randomized controlled study of gait retraining 

tested the feasibility and potential efficacy of using an electromechanical-driven gait orthosis 

(Lokomat) for treadmill training. Methods. Sixteen stroke patients, mostly within 3 months after onset, 

were randomized into 2 treatment groups. The outcome measures were the EU-Walking Scale, 

Rivermead Motor Assessment Scale, 10-m timed walking speed, 6-minute timed walking distance. 

Conclusions. Despite the small number of patients, the present data suggest that the Lokomat robotic 

assistive device provides innovative possibilities for gait training in stroke rehabilitation while 

eliminating prolonged repetitive movements in a nonergonomic position on the part of the physical 

therapist.  

The Lokomat: New equipment has been developed to automate training and thus to ameliorate the 

efforts of the physical therapist. The Lokomat combines new technology with the recognized 

advantages of manual treadmill training eg, optimal loading, adequate sensory input, optimal hip 

extension, interlimb coordination, task-specific locomotion movements, and early initiation and 

prolonged training sessions.  The mechanical aid fulfills many of the criteria of a physiologically sound 

gait pattern, as described in gait analysis (ie, executing separate stance and swing phases, providing 

sufficient foot clearance during swing, prepositioning of the foot prior to stance phase, stabilization 

during stance, and adequate step length). It allows for optimal individual adaptation to gait in a stable 

upright position, the possibility of cyclic reproduction of normal gait patterns, high frequency of 

repetition, correct sensory feedback to higher centers, high patient motivation, and alleviation of the 

physical therapist’s workload. Recent publications emphasize that automatized gait training may be at 

least as effective as manually assisted treadmill training and that patients may walk more 

symmetrically, with less spasticity and better joint angle displacements and electromyographic 

patterns. Patients reported the automated training to be more comfortable than manually assisted 

training. In our experience, patients benefit the most from adapting training parameters in the 

following order: (1) reduction of body weight support, (2) increase in walking duration, (3) increase in 

velocity of walking, and (4) reduction of guidance force on the hemiparetic leg. Applying these 

strategies, patients in the present study were able to achieve gait even after a long period of time 

without walking, session of 45 minutes comprised putting on the harness, attaching and adjusting the 

Lokomat, and the actual training of up to 30 minutes. The patient practiced a physiological gait 

pattern in a task-specific manner over the defined time. Four parameters were adapted to ability, 

strength, and endurance of the patient: (1) body weight support, set initially at 40% on a spring scale, 

was gradually reduced; (2) walking duration was increased to a maximum of 30 minutes; (3) 

ambulation velocity was initially set at 0.28 m/s, then gradually increased to a maximum of 0.83 m/s; 
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and (4) guidance force provided by the Lokomat on the hemiparetic leg was gradually reduced from 

100% to 15% (Figure 1A-D). Percent reduction of the guidance force of the Lokomat allows for 

progressively active participation by the patient. Thus, at 75%, the patient executes one fourth of the 

workload, at 30% executes 70% of the work, and so on. Adjustments of all training parameters were 

undertaken according to the patient’s muscle tone, gait control, and git quality (ie, adequate knee 

control during stance, free swing phase, first heel contact, and satisfaction of the patient).  

33.  Effects of Locomotion Training with Assistance of Robotic Driven Gait Orthotic in Hemiparetic 

Patients After Stroke – Husemann Stroke 2007 This pilot study indicates that Lokomat therapy is a 

promising intervention for gait rehabilitation. Although there was no difference between groups in 

gain of functional scores, the Lokomat group showed an advantage of robotic training over 

conventional physiotherapy in improvement of gait abnormality and body tissue composition. The 

Lokomat group had a significantly longer single stance phase (sec; mean+/-SEM) on the paretic leg 

when walking on the floor. Lokomat group had lost fat mass approximately -2.9+/-1.0 kg (mean+/-

SEM; P=0.016) and increased their muscle mass 
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GENERAL 

1.  Cerebral Palsy Publications - Index of miscellaneous articles           

2.  General Practice: The Integrative Approach              

K Phelps & C Hassed, 2010               

3.  Adults with Cerebral Palsy: a workshop to define the challenges of treating and preventing 

secondary muscoskeletal and neuro muscular complications in this rapidly growing population              

L Tosi - Developmental Medicine & Child Neurology, 2009. Several authors have established that 

adults with CP may experience age-related changes earlier in life than their non-disabled peers. CP 

frequently causes a cycle of deconditioning, in which physical function deteriorates, followed by a 

further decrease in physical activity, and a cascade of functional decline. More than 50% of adults with 

CP reportedly use non-steroid anti-inflammatory drugs, and about 33% use antispasticity medications 

or narcotics with limited success. Other interventions include intrathecal baclofen, BoNT-A injections, 

exercise, and orthopaedic surgery, as well as complementary and alternative therapies. Spasticity 

affects 70% of individuals with CP and is a major contributor to the development of bony deformities 

and contractures.  

Intrathecal baclofen (ITB) reduces both dystonic and spastic tonal abnormalities and is often preferred 

to oral baclofen or other antispasmodics because its direct delivery to the spinal cord diminishes the 

sedating side effects observed with oral medication. Risks include mild to very serious infections, 

cerebrospinal fluid leakages, and hardware complications. Other adverse events related to drug 

dosage have been reported, including decreased cognitive function, listlessness, fatigue, constipation, 

incontinence, urinary retention, and impotence. Exercise and activity are effective means of pain 

management. Exercise as a means of pain management has been widely studied in many conditions 

and has shown significant success. Exercise can also stave off conditions that increase the 

opportunities for pain development, such as obesity and cardiovascular disease. Many adults with CP 

note that pain in the lower extremities is one reason why they stop walking; in many cases, this occurs 

before the age of 25. In the lower extremities, foot deformities such as equinovarus and equinovalgus, 

as well as toe deformities, can make weight bearing and shoe wear painful. Other less common issues 

are contractures of the hip and knee. Contractures in the upper extremity are often treated surgically. 

These deformities are most often treated with lengthenings as opposed to transfers, sometimes 

accompanied with joint fusions. Progressive and large scoliosis deformities in persons with CP impair 

function and are troublesome. Surgery may be reasonable. There is no published study specifically 

addressing complementary and alternative medicine (CAM) in adults with CP; however, national 

surveys of adults with chronic disabilities document that a majority of these individuals use such 

treatments.  

Studies have been published on CAM interventions such as hyperbaric oxygen, Adeli suit, patterning, 
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electrical stimulation, functional neuromuscular stimulation, hippotherapy, craniosacral therapy, 

Feldenkrais, acupuncture, and conductive education in children with CP. These interventions may be 

carried over into adulthood. Practitioners of both conventional and CAM therapies believe that 

exercise can be beneficial; accordingly, activities such as recreational sports, yoga, and hippotherapy 

may be continued from childhood into adulthood. General treatments for stress and anxiety, through 

such activities as yoga and meditation, though not directed at CP per se, may be more popular for 

adults than children.  

CAN CUTTING-EDGE TECHNOLOGIES IN NEUROREHABILITATION IMPROVE OUTCOMES IN ADULTS 

WITH CP? Neural plasticity - Cerebral palsy is a brain injury, and a growing body of evidence 

demonstrates that the brain is capable of recovery after an injury because of the ability of neurons 

and other brain cells to alter their structure and function (plasticity) in response to external and 

internal pressures, including behavioral training. Neuroscientists have now determined many 

principles of experience-dependent plasticity that may be relevant to brain-damage recovery and 

rehabilitation outcomes. For instance, experiments have demonstrated that repetition drives plasticity 

and concomitant motor learning and thus may be critical for rehabilitation. Repetition is critical to this 

outcome; many studies have shown that rats trained on a skilled task do not show increases in 

synaptic strength, synaptic number, or map reorganization until they have undergone several days of 

training. Innovations in robotic technology, together with an improved understanding of the   

neurological recovery process in individuals with chronic stroke, have led to new neurorehabilitation 

therapies to restore function in the upper and lower limbs and hands. Researchers have focused on 

whether task-specific, robot-assisted training can influence brain recovery, and several studies have 

shown neurological recovery is possible in mature and damaged nervous systems. A recent meta-

analysis of the effectiveness of robotic assisted BWSTT in stroke patients indicated this treatment 

modality, combined with usual care, significantly increases walking capacity as compared with usual 

care alone. Vibration therapy can improve balance and gait in Parkinson’s disease and chronic stroke. 

Vibration therapy has also been shown to prevent loss of muscle strength and bone density in a 

population of young immobilized volunteers. In a study of 20 children immobilized as a result of CP 

who underwent vibration therapy, bone mineral density in the tibia increased over a 6-month period. 

The diagnosis of CP is often thought of as a pediatric condition; it must be understood as a life-long 

disorder. And, treating adults with complicated musculoskeletal and neuromuscular impairments is 

challenging. Few medical facilities are prepared to treat adults with developmental disabilities, and 

adults with CP needing surgery often find themselves in pediatric environments, where personnel 

have not been trained in adult care. The result is a community that is badly underserved. Moreover, 

few adult medicine practitioners have been trained in the care of the patient with CP, and they are 

therefore uncomfortable providing care. It is difficult for the typical adult medical facility to justify the 

investment of significant resources in enhancing care for this low-volume, but potentially high-risk, 

patient population.            

4.  Cerebral Palsy Lifetime Care - four muscoskeletal conditions BR Brewer - Developmental Medicine 

& Child Neurology, 2009 Cerebral palsy (CP) has always been considered a static condition in the 
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neurological sense. Secondary and associated conditions that occur in the patient with CPcan 

progress over time and cause unwanted sequelae. This paper discusses four musculoskeletal 

conditions that present across the lifetime and can lead to progressive loss of function in the patient 

with CP. Patella alta can be particularly painful in the early adult years, limiting mobility particularly 

when  associated with crouch gait. Adults with lower-extremity weight-bearing status having hip 

dysplasia, progressive over time, often develop pain and severe degenerative arthritis, with or without 

arthrodesis. Spondylolysis, particularly at the L5 S1 level, is fairly common in the ambulatory adult 

with diplegia and may, if not diagnosed early, progress to spondylolisthesis. Cervical stenosis appears 

to be more prevalent in adults with spastic quadriparesis and dystonia and is often associated with 

myelomalacia and⁄ or radiculopathy. All four of these conditions may be lessened, or even prevented, 

with intervention and diagnosis in the younger years. Possible interventions and outcomes over time 

are discussed in the context of multidisciplinary team management of the individual with CP.    

5.  Complementary and Alternative Methods in Cerebral Palsy W Oppenheim - Developmental 

Medicine & Child Neurology, 2009 There are no published studies specifically addressing 

complementary and alternative treatments in adults with cerebral palsy (CP). However, national 

surveys of adults with chronic disabilities document that a majority of them use such treatments, that 

they are willing to pay out of pocket, if necessary, and that they believe that pursuing such treatment 

relieves pain, reduces stress and anxiety, and leads to improved feelings of fitness and well-being. 

Individuals enjoy taking charge of their own health care decisions, and frequently feel more in control 

with these therapies than with more traditional methods. In contrast to adults, there is some 

information on complementary and alternative methods (CAM) in children with CP. This article 

discusses some of the CAM used in children that may be carried over into adulthood, as well as the 

pitfalls for patients and conventional physicians as they try to sort out what might be helpful and what 

might be harmful in this arena. Practitioners of both conventional and CAM therapies believe that 

exercise can be beneficial; accordingly, activities such as recreational sports, yoga, and hippotherapy 

may be continued from childhood into adulthood. General treatments for stress and anxiety, through 

such activities as yoga and meditation, though not directed at CP per se, may be more popular for 

adults than children. The word complementary refers to the use of scientifically unproven modalities 

in association with more conventional medicine, while alternative refers to modalities used in place of 

conventional methods. According to the NCCAM, a third term, integrative medicine, refers to the use 

of CAM for which there is strong evidence for safety and effectiveness in a cooperative setting with 

conventional medicine. The most recent survey of adults using CAM, (available online from the 

Centers for Disease Control and Prevention), involved 31 044 non-institutionalized US adults aged 18 

or older.13 The number of persons with CP in this group is unknown. Thirty-eight percent of survey 

participants used some form of CAM; this percentage increased to 62% if megavitamins and prayer 

were included. The most common reason for seeking CAM was not dissatisfaction with conventional 

care; rather, individuals were attempting to augment conventional treatments. Nonetheless, a 

substantial portion (28%) believed that conventional treatment would fail and that CAM offered more 

hope. This finding is consistent with a 1998 survey by Astin14 that found that the majority of 

alternative medicine users were not necessarily dissatisfied with conventional medicine; they simply 
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found CAM methods more congruent with their own philosophies about what constitutes good  

health. Compared with users of conventional medicine, users of alternative methods tend to be in 

poorer health, to be better educated, and to want to take more control over their treatment. In a 

survey of physicians in family practice, 26% of the responding professionals said they had suggested 

their patients try CAM. This is not surprising, as 47% of medical professionals in the same survey used 

CAM themselves.15 Authors of two other surveys, including one from the Centers for Medicare & 

Medicaid Services, have estimated that Americans spent between $36 and $47 billion on CAM in 

1997.16,17 At least half of this sum was out-of-pocket expenses that were not covered by insurance. 

The figure is substantial: it is equivalent to all that was spent on US hospitalizations in 1997, and 

about half of what was spent on out-of-pocket physician services. Women, people with higher 

educational levels, and those who had been hospitalized in the past year were more likely to use 

CAM. While no specific survey has been done on adults with CP, there is no reason to suspect that 

these individuals use CAM any less frequently than the general population. The most common CAMs 

in these surveys were prayer, natural products, and deep breathing. Meditation, chiropractic, yoga, 

and massage were also among the top 10 treatments. The most common conditions treated were 

back, neck, head, or joint aches, or other pain, a finding that has definite implications for adults with 

CP. The one thing that most advocates of alternative methods have in common with conventional 

practitioners is a belief in the beneficial effects of exercise, both for strength and for a feeling of 

fitness and well-being. At one time it was believed that strengthening spastic muscles was 

detrimental, but it is now known that exercise is beneficial and does not increase spasticity. Despite 

the expansion of the NCCAM budget (from $2 million in 1992 to $121.6 million in 2008), no NCCAM 

supported publication has focused on CAM in CP in adults or, for that matter, in children. The record 

is better with the US Agency for Healthcare Research and Quality (AHRQ), which commissioned and 

published a literature review of hyperbaric oxygen therapy (HBOT) in 2003 using the terms ‘brain 

injury,’ ‘cerebral palsy,’ and ‘stroke’.  The US National Institutes of Health spent $121 million on CAM 

in 2008. None of those funds, and no funds in previous years, have been directed specifically to CP. 

6.  Neural plasticity and treatment across the lifespan for motor deficits in cerebral palsy 

GEORGE F WITTENBERG MD PhD Developmental Medicine & Child Neurology 2009, 51 (Suppl. 4): 

130–133 The past decade of research in neuroscience and stroke rehabilitation has demonstrated that 

the adult brain is capable of recovery through physiological processes (often called ‘plasticity’). Some 

of the recovery is spontaneous and some is a result of experience, including interventions such as 

physical therapy, which probably enhance or activate changes in brain structure and function. A 

growing body of evidence demonstrates that the human brain is capable of recovery after an injury 

through the ability of neurons and other brain cells to alter their structure and function (plasticity) in 

response to a variety of external and internal pressures, including behavioral training.1 From decades 

of basic neuroscience research, including animal models of stroke, neuroscientists have determined 

many principles of activity-dependent plasticity that may mediate recovery and rehabilitation  

outcomes in the damaged brain. There is every reason to believe that plasticity is greater in the 

developing brain than in the mature brain; however, plasticity should be present in adults with CP just 

as it is in adults with stroke. If the processes underlying neuroplasticity were better understood, they 
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might be enhanced and accessed by therapies administered throughout the lifespan. These might 

include physical therapy, such as tasks specific training; pharmacological treatments, such as neuronal 

growth factors; and electrical methods, probably in combination. On the basis of current knowledge 

of development and plasticity, it would make sense early on to use therapies that could preserve the  

potential substrates for motor control, while later therapies could provide more refinement of motor 

control. Two therapies first used in stroke, constraint-induced movement therapy 27 and robot-

assisted movement practice,28 have been applied to children with promising results. But there is no 

reason to assume that the window for intervention cannot extend to adults with CP, just as many 

chronic stroke patients have been successfully treated years after onset. Researchers have made 

efforts to assess the brain substrate for movement in children with CP and to use that knowledge to 

guide the application of therapy.29 Such studies suggest that therapies designed to restore the most 

normal type of motor system will be most successful. That means that early and continued 

interventions should be directed toward improving survival of the crossed corticospinal tract axons, 

while later therapies should address the imbalance between intact and damaged motor 

representations. 

7.  Health, Mortality and Wellness Issues in Adults with Cerebral Palsy M Turk - Developmental 

Medicine & Child Neurology, 2009. For many years, children with cerebral palsy (CP) and their parents 

have been told that health and functional status stabilize by early adulthood. However, adults with CP 

report ongoing health conditions and aging and secondary conditions that are not always recognized 

or managed by their healthcare providers. However, as more people with such disabilities live through 

their adult years, it is apparent that mobility, functional status, and musculoskeletal changes  

commonly continue into adulthood, and health concerns persist. Much of the conventional wisdom 

about aging and secondary conditions for adults has been communicated through the network of 

persons with disabilities. No serious health problems were reported by 101 adults with CP recruited 

through a California affiliate of United Cerebral Palsy Association.12 In this sample, the majority of 

whom had CP of moderate severity, 76% overall reported musculoskeletal problems (e.g.  

contractures, deformities, pain); 63% of those under 50 years of age reported such problems. Urinary 

incontinence occurred in about half of persons who did not walk. The lack of preventive healthcare 

was remarkable. In a cross-sectional study of 215 adults with CP in upstate New York, persons with CP 

were overwhelmingly healthy (based on clinical information and self-report) and reported no 

significant health problems, but they were nonetheless worried and concerned about their health. 

Exercise is a health-promotion activity that is poorly utilized by adults with CP, although it would 

seem natural to engage in that activity to improve performance. Both attitudinal and environmental 

barriers usually limit this activity. Exercise is a well-known health-promoting behavior, and its positive 

effects have been demonstrated in persons with disabilities.  

8.  Intrathecal Baclofen Use in Adults with Cerebral Palsy Developmental Medicine & Child 

Neurology, 2009 – Complications associated with ITB - Intrathecal baclofen (ITB) is an effective 

treatment for both spasticity and dystonia in people with cerebral palsy (CP). Its use is becoming 

increasingly common. Controversies remain concerning ITB, including whether a trial is needed before 

pump implantation, proper catheter tip placement, and programming options, as well as whether it 
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contributes to the development or progression of scoliosis. Spasticity is the most common 

abnormality of muscle tone associated with cerebral palsy (CP); it affects approximately 70% of those 

with CP. Complications: Infection can range from a superficial stitch abscess to meningitis. cerebro 

spinal fluid (CSF) leaks causing occult hydrocephalus. catheter complications include migration out of 

the intrathecal space, breakage or a hole, obstruction, detachment from the pump, and, for two-piece 

catheters, detachment at the site of connections. The pump itself has been reported to flip within the 

pump pocket. Drug-related adverse events are typically dose-dependent. Decreases in cognitive 

function, listlessness, and fatigue have been reported as a dose-dependent adverse event.14,24 

Constipation has also been reported with ITB. Incontinence and urinary retention have both been 

reported.10 It is thought that decreasing external sphincter activity could result in stress incontinence, 

while decreasing detrussor activity could result in urinary retention. Dose-dependent impotence has 

also been reported. The syndrome consists of rapidly increasing muscle tone and spasms, malaise, 

dysesthesias (typically pruritis), hallucinations, and diaphoresis. If untreated, it can progress to 

rhabdomyolysis, elevated creatine kinase levels, and multisystem organ failure. Cost-effectiveness of 

ITB therapy increased the 5-year cost of treatment in the USA by $49 000, Deep venous thrombosis is 

one adverse outcome that has been noted in an adult with CP receiving ITB. Is ITB therapy associated 

with an increase in the incidence of some deformities? There have been two reports of conflicting 

findings regarding whether ITB contributes to an increased incidence or rate of progression of 

scoliosis.            

9.  Motor Mapping in Cerebral Palsy Developmental Medicine & Child Neurology, 2009 - Such studies 

have suggested several mechanisms of recovery: (1) sprouting of ipsilateral corticospinal connections 

from the healthy hemisphere or recrossing into the spinal cord; (2) stabilization of the bilateral fetal 

corticospinal projections; (3) enhancement of normally non-functional ipsilateral corticospinal 

pathways; (4)  reinforcement of bilaterally distributed corticoreticulospinal connections; and (5) 

shifting or spreading of the cortical motor representation within the damaged cortex over adjacent 

(presumably intact) areas, resulting in a reshaping of cortex somatotopy.15 All but the last of these 

are mechanisms that reflect recruitment of pathways outside of the normal adult pattern of 

dominance of the contralateral projection to lower motorneurons from the primary motor cortex. The 

mechanisms of cortical reorganization and the positive or detrimental role of specific patterns of 

reorganization are poorly understood and probably differ in the adult and the immature brain.  

10.  Muscle Deficits in Cerebral Palsy and Early Loss of Mobility: can we learn something from our 

elders? Shortland - Developmental Medicine & Child Neurology, 2009 Ambulant young people with 

cerebral palsy (CP) have reduced muscle volumes in their lower limbs (as low as 50% of their weight-

matched typically-developing peers). Progressive resistance training has been shown to increase 

muscle volume and strength14 and to improve function and mobility. If these improvements in 

strength and performance are related to improvements in muscle volume, the effects of sarcopenia 

may be resisted, and the function and mobility of adults with CP by progressive resistance training 

may be extended. The most effective method of extending mobility in adulthood may be to develop a 

significant muscular reserve in childhood and adolescence, when muscles may be more adaptable to 
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mechanical stimulus. Recently, we have shown that a group of children with CP can increase their 

plantarflexor muscle volumes after a 10-week progressive resistance programme. Finally, we should 

explore further the potential of resistance training both to increase the muscular reserve in 

adolescents and young adults with CP and to maintain that reserve in the older adult. 

11.  Orthopaedic Issues in the Muscoskeletal Care of Adults with Cerebral Palsy Developmental 

Medicine & Child Neurology, 2009 – The prevalence of CP in the US is about two per 1000.5 There are 

an estimated 700 000 children and adults with CP in the United States.7 This compares with about 500 

000 new cases of traumatic brain injury in the United States yearly. Further 99% of children with CP 

but without severe functional problems survive to adulthood. When there was severe functional 

disability, in ambulation, manual dexterity, and mental ability, 20-year survival was 50%. In Sweden, 

results of a questionnaire of 221 adults with CP showed 80% of adults with CP had contractures. 18% 

had pain every day. About 64% were able to walk but 35% of this group noted decreased walking 

ability. The Penn Neuro-Orthopaedics Program has successfully treated adults with both residual and 

acquired musculoskeletal deformities. These deformities become more critical when combined with 

degenerative changes, a relative increase in body mass, fatigue, and weakness associated with the 

aging process.             

12.  Pain in Adults with Cerebral Palsy: impacts and solutions Developmental Medicine & Child 

Neurology, 2009             

13.  The Role of Fitness in Health & Disease: status of adults with cerebral palsy D Thorpe - 

Developmental Medicine & Child Neurology, 2009 Physical activity has significant health benefits and 

is positively associated with health-related quality of life and psychosocial functioning. Persons with 

disability are at particular risk of inactivity. For adults with cerebral palsy (CP), impaired health and 

function typically impede participation in physical activity, setting into motion a downward spiral of 

prolonged inactivity. Adults with CP may not be engaging in sufficient physical activity to produce the 

improvements in fitness required to experience associated health benefits. CP may experience 

expected age-related changes earlier in life than their non-disabled peers. A disabling condition such 

as CP frequently causes a ‘cycle of deconditioning’ in which physical function deteriorates, followed by 

a further decrease in physical activity level, and a cascade of increasing functional decline. For a 

person with CP, changes inherent in the aging process are potentially deleterious to their ability to 

function. A person with CP may have worked for many years to develop independent balance and 

ambulation, only to have age-related musculoskeletal changes compound the effects of secondary 

impairments related to CP, such as decreased flexibility and strength. These escalating effects may 

disrupt the equilibrium of the system, compromising balance abilities and precipitating injurious falls. 

In 2005, during her presentation at the third national Symposium on Translating Evidence into 

Practice (III STEP), Dianne Damiano, a leading researcher and author on strength training for persons 

with CP. emphasized the importance of ‘practice’ and ‘physical activity’ for the physical, cognitive, 

social, and emotional health of persons with CP and other central nervous system disorders. She 

noted that the evidence provided by neurorehabilitation research suggests that we are far from 

approaching the human limits for physical and neural recovery in many disorders. She challenged the 
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neuro-rehabilitation community to promote more active and intense training protocols specific for 

persons with CP. 

 


