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Most, if not all, of the |

applications of HBOT |

- discussed today will be FDA ",

- off-label, i.e., the practice of !
hyperbaric mechcme accordmg

to the 2000 year old *
Hippocratic Oath.
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Case Presentation
Alzheimer s Disease

58 year old male. Decline in work & memory 8 years before HBOT.
Alzheimer’ s diagnosis 5Y2 years before HBOT; started on Aricept.
Continued decline over next 3 years.

Failure Neotrophin and Exelon

Begins CPAP 1/01 for 10 year history of sleep apnea. Wife notes
improvement in cognition & behavior.

89 HBOT treatments in blocks: 5/1/01-9/14/01.
Progressive slow improvement in cognition/behavior.
Generalized improvement in memaory scores.
Symptomatically better.
Patient taken off Exelon subsequently due to side effects.
Periodic HBOT in small doses. Transient improvement in affect.
Slow deterioration cognitively.
Re-institution of Exelon and additional medications.

Harch PG. Townsend Letter, April, 2018:417:30-34















WHAT
IS
HYPERBARIC

OXYGEN
THERAPY?




- Physiologic Definition of .t,
| HBOT ‘

- Hyperbaric Oxygen Therapy is the =

use of increased...pressure and |

increased oxygen... as to

treat pathophysiologic processes
of diseases.!

1. HBO Therapy in Global Cerebral Ischemia/Anoxia and Coma. Chapter 2o0.
Textbook of Hyperbaric Med., 6t Edition, K.K. Jain (Ed.), 2017.
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HBOT asa Drug
“A Re-appraisal”

The basis of HBOT:

The Physiology and Biology of
Hyperoxia

and Hyperbaric Pressure



Human blood vessel cells

an CA. Cell Stressand Chaperones, DOI10.1007/512192-009-0159-0 (Courtesy Dr. Philip James)

A single HBOT:
genes turned on or turned off. ©
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IBOT: Scientific Foundation and Apphctlon i
to Neurodegenerative Disease




Neurodegenerative Disease

Neurodegeneration corresponds to any pathological condition
primarily affecting neurons.

- Neurodegenerative diseases represent a large group of neurological
disorders with heterogeneous clinical and pathological expressions

‘affecting speciﬁc subsets of neurons in specific functional anatomic,
‘systems; they .- OWAINIEAS OIS ANAPIOEIESSHN relenrles-

ath due to kno‘vn 3

'S, or infections.
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Neurodegenerative Disease

J'

Hundreds of different neurodegenerative
disorders, the more common of which =
are:
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s, 2, HD, » 09 @'I' Lewy Body Dementia, Prion

~_disease, Motor Neuron isease,Spinocerebellar ataxia, +

. Spinal muscular atrophy, cortico-bg degen., FT dementia,’
others. 8
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- By 20400 WIHIO estimates that neurodegenenative diseases
2 willfbe the'second leading catise ot death =i, &
ountries.’ L8

;
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73 cardiovascular disease in developed
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Katharine Gammon. Neurodegenerative Disease: Brain Windfall. Nature, 2015:515:299-300.
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Neurodegeneratlve Disease

Blology:

rsistent mEAmmation and OXdd Ve STIess =\ - CI'uCIal
ongoing cell damage 3

Essentially, Neurodegeneratlve Diseases are partially
characterized vy paisigianiiyouticiong,

. Przedborski S. ] Clin Invest, 2003;111(1):3-10
-~ Jomova K. Mol Cell Biochem, 2010;345:91-104.

_ e Mlller E. Frontlers in Bioscience, Ehte,, 2017;9: 214 2.34 i
.‘ﬁ—‘ - V‘ : A ’ ‘ » — : . b -‘-_:;‘\»‘

SR N R R AN o

T e W o TS AR



,"_’ <l
gy o

—.o i

Neurodegeneratlve Dlsease

' ounding in the body and central nervous system ca
8 occur by any number of different insults:

L hypoxiay toxan mechianicalyelectmeall ete.

all of which generate the dominant
SECONDARY IN]URY




Neurodegenerative Disease
Etiology:

With few exceptions, the causes of NDD are essentially unknown. Even when
identified, the mechanisms..remain, at best, speculative:

10% of PD, AD, and ALS are unequivocally familial.

~ (y sponadicENDIDRcasesithevastanayom o IaNIDIDIATEN TSN - {14 (s contrlbutlon 18
ninimal. Tox1c env1ronmental factors may be the prime suspects, but sp@mdln«: ca
may result from = cormbination of ZEn etic and environmental causes.’

! EXAMPLE: ALENTIEe ffy significantly contribute to
' eurodegeneratlve dlsease thr Lo (nflammationi RO S/ oxidative
stress, disturbance () Ea ShaSTs/NEUNOLT _mJuu[[eLJ)

s
3
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1. Przedborski S. J Clin Invest, 2003;111(1):3-10

Wang Y. ]Apphed Toxicology, 2017; (wﬂeyononlmehbrary com) DOI
- . 10.1002 jat.3451 A B Ao




Neurodegenerative Disease

Treatment:

B

. Antloddantand redox iherapies: Vitamin C, Vitamin E, glutathione,

. Lipoic acid, Flavenoids (catechins-green tea, curcumln) glnkgo biloba, *
 Coenzyme Q,,, selenium, Omega-3 fatty acids, melatonin, cannabmmds, :
&l physical exercise."2 '

1. Jomova K. Mol Cell Biochem, 2010;345:91-104.
2. Miller E. Frontiers in Bioscience, Elite, 2017;9:214-234.
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Neurodegenerative Disease

Treatment:

Hyperbaric oxygen
therapy?



-~ Neurodegenerative Disease

Treatment:

HBOT Paradox:
NDD is caused?/propagated by oxidative stress.
HBOT causes oxidative stress.
Oxidative stress is necessary for the beneficial effects of HBOT.!
Too much oxidative stress is harmful.

Yet, the net effect of HBOT is reduction of oxidative stress and
inflammation.

1. Thom, SR, et al. ] Neurobiol, 2002;51:85-100.

f A, etal. Compr Physiol, 2017;7:21:



- HBOT-Dosingin
Neurodegenerative Disease
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. The benefits of HBOT are in the of oxidative stress
~ (Harch, 1998). 4

Joseph Priestly, 1774: “Though pure dephlogisticated air

(oxygen) might be useful as a medicine, it might not be so propeﬂ
- for us in the usual healthy state of the body:
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Neurodegenerative Disease

Remember:




Neurodegenerative Disease

Remember:

1

at \\/ ulttole stucies of HIBOT offecis on inflammation, oxidative
. stress, and a popt031s in acute global ischemia/anoxia and
coma.'

Chronic study:

BOT effects on degenerative human intervertebral disc cells. :
2.5 ATA/120 mins. god x 3. :

 LLiesvsuppressed imflammaton Jwrmlmu nd mitochondrial -f.'
55 APOPLOLIC | :

Harch PG. Chapter 20, Textbook of Hyperbaric Medicine, ed. K.K. Jain. 20175'
Niu C-C, et al. J Orthop Res, 2013;31:204- 209 &
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Neurodegenerative Disease

Daily hyperbaric oxygen therapy for life improves mitochondrial function
and delays onset of motor disease in Wobbler mice (ALS model). Dave
KR, et al. Neuroscience, 2003;120:113-120.

Oxygen-Induced Mitochondrial Biogenesis in the Rat Hippocampus.
Gutsaeva DR, et al. Neuroscience, 2006;137:493-504.

Endurance performance is enhanced by intermittent hyperbaric exposure
via up-regulation of proteins involved in mitochondrial biogenesis in mice.
Suzuki J. Physiol Rep. 2017;5(15):
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https://doi.org/10.14814/phy2.13349
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HBOT in Neurodegenerative Disease:
Dementia

g

£

Definition:




I—IBOT In Dementla

Literature Review:
9 human studies on vascular dementia, all in inaccessible
Chinese journals.
Multiple case reports of HBOT in post-CO dementia.

f Cochrane Review, 2012 (Xiao Y, et al. Cochrane Database Syst Rev,:
- 2012;7:Art. No.: CD009425 |
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' Wang SP, et al. Chinese Journal of Physical Med & Rehab, ¢
. 2009;31(7):478-80.
3 , 64 patients, vascular dementia. &

X 24 consecutive days;
6d rest, x 3 or
Measure: Mini Mental Status and Hasegawa’s Dementia Rating Scale

Results: VS.
Controls (6.2 vs. 3.2 points on MMSE and 7.2 vs. 3.7 points on Hasegawa)

1. Xiao Y. Cochrane Database of Systematic Reviews, 2012;7:Art. No.: CD0o09425.
WWW. cochranehbrary com _

- e .
Y. - R L - TR Bl A s e e . 2
'-,,,g c\'l Tt 2% o N < e ey P PR, T Py~



e

I—IBOT In Dementla
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Literature Review:

Edwards AE. ] Am Geriat Soc, 1974;22:376-379.

Boyle E. Proc. 5t Int HBO Conf, W.G. Trapp (Eds.), Simon Fraser Univ., Canada,
1974; PP- 432-438.

Jacobs EA. ] Geriat Psychiatr., 1972;5:107-136.

Jacobs EA. NEJM, 1969;281:753-57. :
Jacobs EA. Current Psychiatric Therapy, Vol. II, H Masserman (Ed.), Gruneand
Stratton, Phila, 1971: pp. 100-106. &
Jacobs EA. Proc. 5™ Int HBO Conf., WG Trapp (Eds.), Simon Fraser University,
Canada,;1974; pp. 439-445.

Ben-Yishay Y. NY State ] Med, 1973;73:2877-2880.

Ben-Yishay Y. Proc. 5t" Int HBO Conf, WG Trapp (Eds.), Simon Fraser University,
Canada, 1974; pp. 424-431.

Ben-Yishay Y. NY State | Med, 1978;78:914-919.
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i HBOT in Dementia

 Literature Review:

Thompson LW. ] Gerontol, 1976;31:23-28.
Raskin, A. Arch Gen Psychiatry, 1978;35:50-56.
Goldfard Al. ] Gerontol, 27:212-217.

Schmitz GF. Evaluation of HBOT for Senility. HBO Review, 1981;2(4):231-250.
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HBOT in Dementia

therature Review:

Meta-analysis on treatment of dementia
Review of literature 2000-2016

235 studies, 44,854 patients, vascular, Alzheimer’s dementia,
mild cognitive impairment, and mixed.

Reviewed 5 types of treatments:
Antipsychotic drugs and cognitive enhancers

Symptomatic treatment drugs for Vascular Dementia (piracetam,
nimodipine, aniracetam, flunarizine, vinpocetine,
oxiracetam, or EGB761).

Behavioral therapy (exercise, music, reminiscence, rehab, cog, PT
Adjunctive therapy (Chinese herbal and medicine, decoctions

Other alternative treatments: scalp acupuncture, Premarin, statin,

butylphthalide soft capsules, donepezil, huperzine A, and lithium

: Perng C-H. Psychopharmacology, 2018;235:1571-80.
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HBOT In Dementla

" Literature Review:

Results:
Treatment 1 lowest efficacy.

Treatment efficacy increases with publication year and
decreases with age of the patient.

had the highest efficacy vs.
other treatments (p=.010 and .001) in relatively young
patients with

. Perng C-H. Pﬁ}fhchop’harmacology, 2018;235:1571-80.



HBOT in Dementia-Case

First case in 1995.

, urosepsis/shock in 1992, coma x one week, progressive
decline in mental function noted by treating physicians, disputed by
husband.

Repetitive falls 1-3/1994 without TBI, RSD LUE due to injury.

24h nursing care.

9/1994: hematoma, accelerated decline in mental status.
10/1995: evaluation in New Orleans

MRI: 8/9s5: atrophy + multiple small CVAs (right caudate, corona radiata, internal
capsule, left occiput).

Neuropsych testing: “failed.”
PMH: RA, DM.

, 1.5/60, 11-12/1995, bright, alert, increased ADL's,




HBOT in Dementia-Case

Lecturer’s personal experience:

First case in 1995.
30 HBOTSs 1-3/1996, total

conversational, not combative, feeding self
independently, incontinence decreased, diaper frequently dry and
signals that needs to use bathroom, watching TV and reacting
appropriately to events/news.

follows commands, gets out of chair unassisted,

unassisted gait.

human protocol of HBOT in chronic TBI, became first and only
improvement of chronic animal brain injury in history of science.
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HBOT in Dementia-Case #1-Pre-HBOT ¢
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Case #3: 72 year old demented man facing
institutionalization after death of wife

Four months: nightly confusion, memory loss, paranoia, and inappropriate
behavior. Removal from grandchildren’ s home.

Three hospital admissions for GI bleed in three months.
Emergency department visit for dementia and dehydration.
Deterioration in flight to New Orleans with emergent hospital admission.

6" hospital admission: upon arrival inNew Orleans, Dx: dementia and SOB.
PMH: Long history of alcohol and tobacco abuse with several TBI' s and CO
exposure (Normal aging?).

PEx: Cachectic, SOB elderly man. Folstein: 15/30. 40 HBOT' s:
Generalized cognitive improvement
Increased energy
Decreased SOB and confusion
Improved sleep, weight gain.
Followup: Semi-independent living. Some regression 3 months post HBOT.



7/22/2003




7/29/2003

® »




9/15/2003




HBOT in Dementia

Lecturer’s personal experience:

: small vessel ischemic disease, post-
surgical/anesthesia, trauma, stroke, toxins,
Alzheimer’s, multiple cause/premature aging.

/60-90 minutes, qd, 40 treatments, or
more.

Functional imaging (SPECT), MMSE, and clinical
outcomes.
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HBT mDementla surglcal/ anesthesm
etiology

Case Report, Literature Review:
, 4.5y post knee replacement.

Demented, unresponsive to pharmacotherapy.

. Post nt HBOT
weekly perispinal Enbrel (etanercept) for 5 months.

go on walks by himself, had return of his
personality, normal sleep cycle, interact with others.

Best S, Pavel DG. ] Medical Case Reports, 2017;11:105, DOI 10.1186/513256-017-
1259-6.







HBOT in Alzheimer’s Disease

Alzheimer’s Disease An
irreversible, progressive brain disorder
that slowly destroys memory and
thinking skills, and eventually the
ability to carry out the simplest
tasks...the most common cause of
dementia.! Closely connected with
deposition of amyloid beta plaques and
neurofibrillary tangles in brain tissue.>

https://www.nia.nih.gov/health/alzheimers-disease-fact-sheet.
Miller E. Frontiers in Bioscience, Elite, 2017;9:214-234.

- e

——

. . ;.\ — _A 2 oy ym ] ',«.; L

Bt P R T R TR v g A ORI AT oy e By (TN i e o N -t - Ny ‘,/ ", o
] ) - . - W LI, y P - :



- AR z's

HBOT in Alzheimer’s Disease

Alzheimer’s Disease
Affects )

)

.2 Numbers double every 20y.
Comprlses 3

Costs: $818 billion/y worldwide (

$259 billion/y U.S.2
Treatment: largely pharmacotherapy.
Of from 2002-2012, only




HBOT in Alzheimer’s Disease

Single case Report (See above: Harch, PG, congressional testimony
2002 and Townsend Letter 4/2018).

Old mice: normal and transgenic :
Behavioral, histological, and biochemical analyses pre

and 24-48h post HBOT or the last behavioral task.

Results

Shapira R. Neurobiology of Aging, 2018;62:105-119.
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HBOT in Alzheimer’s Disease

Diagnosis by various neurologists

Nearly all on dementia drugs

SPECT brain imaging pre/post HBOT on majority
HBOT at 1.15-1.5 ATA/60 minutes x 40 (most) or 8o.

Clinical symptomatic improvement
Improvement in FDG PET: average 17% global increase.

Subsequent intermittent treatment over 18 months with maintenance
of Folstein Mini-Mental Status Score

Simultaneous use and disuse of Alzheimer’s drugs.




Parkinson’s Disease: Definition

(PD) belongs to a group of conditions called
which are the result of the
The four

of PD are , or trembling in hands,
arms, legs, jaw, and face; or stiffness of the limbs and
trunk; or slowness of movement; and
, or impaired balance and coordination.

Pathological characterized as
a soluble protein w/ prion-like
properties (spreading).>

Essentially, is a

http://www.ninds.nih.gov/disorders/parkinsons_disease/parkinsons_disease.htm
Borghammer P. Movement Disorders, 2017; Aug 26. doi: 10.1002/mds.27138. [Epub ahead of print]
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Parkmson S Dlsease—
Pathogenesis

.&f

However,
including nigral, cortical, enteric,
and cardiac neurons.!

Alpha synuclein
outside the substantia nigra.
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involvement in the pathogenesis of PD.!

Engelender S. Trends in Neurosciences, 2017;40(1):4-14.
2. Adler CH. Movement Disorders, 2016;31(8):1114—9. '
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https://en.wiki
pedia.org/wiki/
Basal_ganglia

Coronal slices of human brain showing the basal ganglia. White matter is shown in dark

gray, gray matter is shown in light gray.

Anterior: , globus pallidus (GPe and GPi)
Posterior: subthalamic nucleus (STN),
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- Parkinson’s Disease-

Pathogenesis

Different anatomical areas affected by
Parkinson’s are subserved by different
neurotransmitter systems.

The primary neurotransmitter is
dopamine.

However, there are multiple others.



s - GPe - Globus pallidus externus
http://en.wikipe GPi - Globus pallidus internus
: TS PUT — Putamen
dla.org/ Wlkl/ Ans SN - Substantia nigra
a lenticularis STN — Nucleus subthalamicus
- THA — Thalamus

Mesencephalon

The image shows dopaminergic pathways of the human brain in normal condition (left)
and Parkinsons Disease (right).'Red Arrows indicate suppression of the target, blue arrows

indicate stimulation of target structure. (Ansa lenticularis visible but not labeled, as red
line from GPi to THA.)




https://en.wikipe
dia.org/wiki/Bas
al_ganglia

Diagram shows two coronal slices that
have been superimposed to include the
involved basal ganglia structures. Green
arrows (+) refer to

excitatory pathways,
red arrows (-) refer to
inhibitor pathways

and
clorpriniial=vels pathways that are

excitatory on the direct pathway and

inhibitory on the indirect pathway.

from cortex ack to cortex

glutamatergic atergic |
(excitatory) g‘é::;?tatow) “

par
compact.

dopaminergic



https://en.wikipedia.org/wiki/Glutamatergic
https://en.wikipedia.org/wiki/Gamma-Aminobutyric_acid
https://en.wikipedia.org/wiki/Dopaminergic
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- Parkinson’s Disease Causes: a combination of
" genetics and environment

y MPTP (methyl phenyl tetrahydropyridine), designer drug
; (Los Angeles outbreak in the 1980s).

(Manganese, others) |
CO, pesticides, herbicides, Agent Orange, other

(Muhammed Ali)
/vascular
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_ Rural living,

8 arkinson’s Disease Foundation:http://www.pdf.org/causes#enviro
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- HBOT in Parkinson’s Disease-

Review of Literature
64 patients, 37-78 years old, 29 men, 35 women

Duration of illness: 1-15 years, at least 5 yrs. in most
patients |

~ Causes:

g vamer®

Encephalitis: 8 patients
Closed head injury: 1

’,_ Neretin VY, et al. Neuroscience and Behavioral Phys 1990;20(6):490-2 ,1
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- HBOT in Parkinson’s Disease-

&
Studies
~ Treatment: /40-60 minutes for 8-12 Rxs.
. “Nootropic medications and preparations involving the 2
microcirculation” 1n all. 37 continued their medications.
Results: :‘i

caused improvement in general state of feeling in"
all patients.

Perceptible shifts in neurological status were identified (
1/3' of patients: improvement in mood, cognition, decreased tone |
Neretin VY, et al. Neuroscience and Behavioral Phys 1990;20(6):490-2



Studies

. Results:

Good results: , remission In 3 of these.
Satisfactory results: .
Insignificant results: 11 patients.

~ Neretin VY, et al. Neuroscience and Behavioral Phys 1990;20(6):490-2
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HBOT in Parkinson’s Disease-
Studies

o o T Ve

Results

No change: 5 patients, however, during HBO and for 3
1-3h afterwards, a decrease in the “frozen character
and severity of tremor” were observed. i

Discontinued treatment: 4 patients (claustrophobia

and hypertensive crises)

€ than in the
encephalitic form :

.. Neretin'VY, et-al. Neuroscience and Behavioral Phys 1990;20(6):490-2 - = ""'#



- HBOT in Parkinson’s Disease-

=

Studies

y-.h',

z , 46-85 years old (avg. 65.5), 8 men, 7 |
. women 3
~ Duration of illness: 6-25 years

Causes:
Idiopathic: 7 patients
Vasculopathic: 4 patients |
Encephalitis: 3 patients
Other: 1 5

. Boromei A. Procs. of 12™ Int. Congr. on Hyper. Med. Best Publishing Co
& 1998 P
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- HBOT in Parkinson’s Disease-
Studies

ey TR

HBOT: 2 protocols ._.
~ Decompensated or complicated, L

Complicated, ‘-

" Outcomes measured with Webster Rating Scale (motor)

- and Crichton Geriatric Behavioural Scale (ADLs and 2
. behaviour). ':,

- BoromeisA«Progs. of 12 Int, Congr, on. Hyper, Med...Best Publishing/Co.1998+



- HBOT in Parkinson’s Disease-
: Studies

N Sraliib i i B Sy

Results:

High correlation of the scores on the two scales after
treatment :

Improvements characterized by improvement in
motor, mood, and overall function.

b i« f\.. T Al "‘-"””"-:'."\"'_'

Boromei A. Procs. of 12 Int. Congr. on Hyper. Med. Best Publishing Co 1998
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- HBOT in Parkinson’s Disease-

Literature: Case Report

. 45y.0. man with 1.5 yrs. of progressive tremor,
* bradykinesia, accelerating in past 3 months with
. depression and anxiety.

and ultrasbund head and neck

" Results:

. Improved sleep quality and duration
(from 2-3h to 5h/nite). Improved mood.

~ Xu, Jin-Jin. Medicine, 2018;97:9(e0029)..
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At end of HBOT:

Tremor and bradykinesia improved significantly.
One month post: persistent gains, no need assistance with ADLSs.

Table 1

Patient scores on clinical tests before and after hyperbaric oxygen
reatment.

UPDRS | UPDRS i HAM-D HAM-A

Before treatment 38 15 31 32
After 1 month treatment 20 8 19 17

HAM-A =Hamilton Anxiety Rating Scale, HAM-D=Hamilton Depression Rating Scale, UPDRS =
Unified Parkinson’s Disease Rating Scale.




Studies

_ HBOT at 1.25-1.5 ATA/60-90 minutes, qd, x 40

Minor effect on motor symptoms
Some improvement on other symptoms of PD: cognition, affect.
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HBOT in ALS-Studies |

Amyotrophic Lateral Sclerosis: a rare group

-of neurological diseases that results from ’
- the gradual deterioration and death of
upper and lower motor neurons that are
- responsible for controlling voluntary L
- muscle movement.

https://www.ninds.nih.gov/Disorders/Patient-Caregiver-Education/Fact-
. Sheets/Amyotrophic-Lateral-Sclerosis-ALS-Fact-Sheet
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- HBOT in ALS-Studies |
. Amyotrophic Lateral Sclerosis:
5 patients ‘
daily, 5d/week, _ :

e ’.’

Measure neurological condition serially during 4 wks. of Rx and for
4 wks. post RX.

Results:
4/5 patients: decreased fatigue

Maximum isometric voluntary contraction of all muscle groups except right hand grlp
improved significantly by up to 97%. &

Steele J. Amotroph Lateral Scler Other Motor Neuron Disord, 2004;5(4):250-4.
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HBOT in ALS-Studies !
_ Amyotrophic Lateral Sclerosis:
. “single-blind (patients)”

10 patients divided into 2 groups, flip of coin, 15 group HBOT, 2nO|
group HBA. :

., daily, 5d/week, , by hood

Measure neurological condition and muscle strength serially every &
4 wks. up to 20 weeks.

£
ey SteeJe.J*Amotroph Lateral S clerosis, 2007 8: 274 275. O s

s 3o ,,'.,,‘ e "f‘“"""‘-\_"‘.v':‘ Y g Ol .
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HBOT in ALS-Studies

(44
Phase II “single-blind (patients)” controlled
Results:

“Some patients in both groups did not complete all the treatments and evaluations due to
disease-related problems. (1 dropout in HBOT due to non-related injury).
Data analysis of all HBOT patients and at the 12 week mark for the control group. No 20 - &
week followup because HBOT group did not improve.
Progressive decline in function for HBOT group to 81.5% of baseline muscle function by
week 20.

Conclusion: Didn’t work, don’t recommend

Lecturer:

. Steeled., A,motroph Lateral Scler03|s 200?_8 ZZ.A; 275, a . < oG
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HBOT in ALS-Studies

63 y.0. male diagnosed with bulbar ALS on 11/22/2011.
Sx problems swallowing, breathing, choking weakness,

i

Imbalance.
Progressive improvement.

walk, talk, has good quality of life 6 years

~ post-diagnosis.

e http llwwwalswmners com
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V. |
A progressive neuro- degener- ' ? z
ation characterized by the wide- -
spread deposition of hyper-
phosphorylated tau (p-tau) as oure 3 The four stages of CTE. In stage | CTE, p-tau pa
neurofibrillary tangles triggered by repetitive mild traumatic brain injury:

Is a pathological diagnosis.

boxers (“punch drunk

Clinically associated with symptoms of irritability, impulsivity,
aggression, depression, short-term memory loss and
heightened suicidality that begins 8-10 years after experiencing

repetitive mI'bl.>

McKee AC. |/ Neuropathol Exp Neurol, 2009;68:709-35.
Mckee AC. Brain, 2013;136(Pt 1):43-64.



Diffuse Axonal Injury

Diffuse axonal swelling (brown) Axon contraction balls

JICHERIETSIChapIEran kfung/JTY 1/NeuroSim/
Contusions_dai_shs.html Sim05-B-Diss-4-a htm


http://neuropathology-web/
http://moon.ouhsc.edu/

CTE Neuropathology:
Wounds in the Brain

Paired
Helical Filaments of

First 3 rows: Alzheimers
Last 4 rows: CTE

Lesions at depths of sulci
and perivascular.

Mckee AC. Brain, 2013;136(Pt 1):43-64.




CTE Neuropathology:
Wounds in the Brain

= Wounds in the Brain: Mckee AC. Brain, 2013:136(Pt 1):43-64.




Marx Model of Perfusion Gradient Wound

4 \ 3
|
/\ 5,5,10,15,2Q,3¢ 55 mm Hg

A=10-20 mm Hg



During HBO at 2.4 ATA

> N )
\‘ o
N}s\» NREREU0S ;
\ =4
PN pxv,
e 5
A 50, 50, 90, 15, 4201350 mm Hg

A =230 mm Hg



\YA A =10 mm Hg

A=10-15mm Hg









in the body in

ANY LOCATION
ANY DURATION



There is little doubt that some athletes may suffer from long-term
adverse effects from multiple sport-related concussions (SRC).

A cause and effect relationship between concussions and/or contact
sport participation and CTE (p-tau deposition, that causes the
clinical syndrome) has not yet been demonstrated.

» No compelling empirical evidence to indicate that SRC or
subconcussive impacts are the sole and direct cause of psychiatric
illness, suicide, MICI; or neurodegenerative disease/CTE.

= Must account for genetic, medical, psychiatric, substance abuse, and

biopsychosocial variables.
Solomon G. Develop Neuropsychol, 2018;43(4):279-311
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BRAIN INJURY

Early case experience
(New Orleans and Slidell, LA)

a. Gratuitous neurological improvement in extremity wound
. patients with chronic neurological diagnoses.

5 % Divers with subacute cerebral decompressmn illness.
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HBOT IN CTE

Dementia Pugulistica Study b
Case Presentation
R.D.
55 y.0. male

Boxing 15-32 v.0., 15 years professionally 3

- 3 ~.~4" -
R o

e
iy

oW A

World champion

1 LOC in 15100 bouts, 4 LOCs in last 5 fights, last LOC
‘ X 3-5 mins.

oS oy —p'ww:



e 1 1)

(Black Jack...-roulette wheel... shuffle cards... fired) h
Paranoia begins 2 years after last bout, eventual 2

& hallucinations.
- Diagnosis: |
:t

'Meds Artane 2mg tid, Ativan 2 mg tid, Stelazine 2mg bld
| occas1onal Percodan, Soma

PEx: Conversant, suspicious,

Slow speech, disoriented, abnormal balance and gait. |
Slow speech. Poor short and long-term memory. &

Marked global impairment
with many tests in the

:v
| N
A
[ 1
- et st
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HBOT IN CTE

PECT, pre and post 1 HBOT (1.75 ATA/65)

|- - central and cortical |
nght occ1p1tal WM infarct and area
of porencephaly.
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HBOT IN CTE

bOT:
0/1991-3/1992 1.75 ATA/65 mins. X 1

E 1,5 #'['*\/65 mins. X 20
3 week break
175 A1 70 mins. x21 (42
- HBOTs) |
3 week break

~.u 2T [70 mins. x 21 (63
HBOTs)
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HBOT IN CTE

HBOT:
%J;__lpruve dopinpionis: 16-20 HBOTs
=

3

21-42 HBOTs
: 43-63 HBOTs
8o i) Ui C T hours post:
21t HBOT, at 1.5 ATA
424 HBOT, at 1.75 ATA
63" HBOT, at 2.0 ATA

¥ esults SPECT:
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Boxer 1 T Boxer 1

3/9/1992 BRAIN INT 3 1992 BRAIN POSTDIVE
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Boxer 1 -

3/9/1992 BRAIN INI
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Reconstruction 3-D
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HBOT IN CTE

Faster, more fluent speech, less :
paranoia, improved mood, energy, gait, balance. |
- Family impressed with change in persona. Brother
(former boxer) upset that he could not get |

treatment for his deficits. s ~

: improvement in multiple
domains, but only small improvement in %ile
ranking. Patient was more oriented, knew for the |
first time on final testing why he was there, and the
purpose of the testing.
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Case Presentation #2

b

- but only remembers 3, none with

LOC: 1969, 1971, and 1974.
' Each with confusion, HA, disorientation, played rest of game,
- symptoms lasted 1 week.
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" HBOT IN CTE

Case Presentation
PMH: DM, Meds: supplements, Metformin, Glipizide,
Lisinopril, Pravastatin.

Neuro ROS: snoring (no evidence OSA pattern),

QP & Pl S
AL v

! PEx: deformities of right hand and foot,

poor tandem gait,
3-D only—abnormal bilateral TLs, orbital FLs, and

hlgh parietal watershed areas.
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MicroCog Assessment 2011

EXAMINEE: Tom Dempsey REPORT DATE: 05/23/2011

TEST DATE: 5/23/2011 AGE: 64 years 4 months
DATE OF BIRTH: 1/12/1947 EDUCATION: 16 years

SEX Male HANDEDNESS: Not Specified
ETHNICITY: White not Hispanic Origin EXAMINER: Kristen Willeumier
EXAMINEE ID:

Test Form: Short
Summary Index Table

Age and Education Corrected Norms
55 - 64, Education: > High School

Scaled | %ile | 95% Co ve tion
Score Interval
T D S R——

General Cognitive Functioning (GCF) | 56 [ <1 | 5063 |BelowAverage
General Cognitive Proficiency (GCP | 1 | 5973 [Below Average

Level 2 - Indexes
d (IPS

66 | 1 | 5874 [BelowAwrage
Information Processing Accuracy (IPA low Average
elow Average
elow Average
Memory Mem) | ow Average

Reference Group Norms
T i
nterval

evel 2 - Indexes
nformation Processing Speed (IPS 27

Information Processing Accuracy (IPA)
evel 1 - Indexes

Attention/Mental Control (Attn)
Reasoning/ Calculation (Reas

patial Processing (Spa
Reaction Time (R

[

@
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qEEG TBI Discriminant Analysis 2011

Traumatic Brain Injury Discriminant Analysis*

TBI DISCRIMINANT SCORE = -0.22 T8I PROBABILITY INDEX = 90.0%

The TBI Probability Index is the subject’s probability of membership in the mild traumatic brain injury
population. (see Thatcher et al, EEG and Clin. Neurophysiol., 73: 93-106, 1989.)

8 5 4 3
B nomal

TBI SEVERITY INDEX = 4.59
This severity score places the patient in the MODERATE range of severity.

MODERATE

The TBI Severity Index is an estimate of the neurological severity of injury. (see Thatcher et al, J.
Neuropsychiatry and Clinical Neuroscience, 13(1): 77-87, 2001.)

*Statement of Indications of Use:

The Discriminant Analysis and Severity Index are to be used by experienced and qualified professionals for the post-hoc
statistical evaluation of the huma
an adjunct to the evaluation of th. do not serve as a primary basis for a diagnosis. Warming: Inclusion criteria of a
history of traumatic brain injury and han 13 years of age must be adhered to.

18




InfoBox: 3D Surface 2
DEMPSEY, THOMAS
ID: 011247
Birth: 1/712/1947 Sex: H
Head First, Supine
Acq: 11:40:49 5/23/2011
Step & Shoot
Inj Time: 11:30 Tc-99n
CERETEC H/L: 6.02 hrs
Tc=99n
Heads: 1,2,3 Uins: 1
Acq Matrix: 128 x 128
29 Images Hax Ct: 836
120.0 degrees CCU
40 steps, 3.0 deg. each
Collimator: LEHR-Fan
Hag: 1.00 Depth: 16
View Tern: 27.00 Seconds

File: 06

Image ID: Trans Obl
Acq ID: CONC
Organ: BRAIN

Slice: 6.39 mn
Filter: LoP/Ramp/
The Amen Clinic

Neuwport Beach,CA

@ PICKER




SPECT Cage View Reconstruction 5/23/2011

InfoBox: 3D Surface 2
DEMPSEY, THOMAS
ID: 011247
Birth: 1/12/1947 Sex: H
Head First, Supine
Acg: 11:40:49 5/23/2011
Step & Shoot
Inj Time: 11:30 Tc~99n
CERETEC H/L: 6.02 hrs
Tc=99n
Heads: 1,2,3 Wins: 1
Acq Hatrix: 128 x 128
29 Images Hax Ct: 836
120.0 degrees CCU
40 steps, 3.0 deg. each
Collimator: LEHR-Fan
Hag: 1.00 Depth: 16
View Tern: 27.00 Seconds

File: 06

Image ID: Trans Obl
Acq ID: CONC

Organ: BRAIN

Slice: 6.39 nn
Filter: LoP/Ranp/

The Amen Clinic

Neuwport Beach,CA

(@ PICKER

NUCLEAR MEDICINE DIVISION
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HBOTIN CTE

Case Presentation: Tom Dempsey
HBOT: 1.4 ATA/60, qd, x 40, 5-7/2011.
Re-Eval:

Started driving again at times.

Mild improvement balance, memory at times, energy level
Could retell his stories better.
PEx: balance worse.




HBOT IN CTE |
Case Presentation: Tom Dempsey "‘

- 1/2013, 18 months post HBOT: “clearcut improvement.”
- Sustained driving. Getting after-care through Tulane Sports

Medicine Program. ¢
| Later 2013, Continued ¢

: | after-care. Wife unable to care for patient. Put in nursing

.+ home. Slow progressive decline.

, can’t feed self;’
. “doesn’t know how to walk.” Jeri-chair. “Doesn’t recognize %
. anyone. “ Physically healthy. |

T S g am ERTETR p e, S ,.--:-',.’.-n-..nﬁ’?"-“:?;-‘-y,‘p'mw R T TN T b ; - ST

%



i 5 A I R e

" HBOT IN CTE

Case Presentation: Tom Dempsey

~ Conclusion:

No further HBOT.

Alive, healthy, late stage dementia.
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Case Presentation #3
_Retired NFL linebacker; 46 years old

cc: Wants to preserve brain, scared of appearance of old friends, i lS :
.-:,\ ired, gets punchy after alrplane flights.

head.

ﬂ, 22 documented concussions, one w1th LOC. Remembers “
‘stars” at least onc e/.mrrle PIPICHEEN OHENITENATEET)

=Steroidse Errougiiout profeggion:l c:iear; “always on some 7
abohc stimulant” Stiriiulanis 220/ /=20 of professional football.

permanent with
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Cas Presentation

- ecl to another team in 2002. | /o FIBC T, Corcuggions
zicounilaie increasing toll, unable to pl due to neuro SX,
K onfusmn arter away game in 2003. Couldn't travel home.

icrensive yorkup: NP, MRIL ? Results. Sx improve over time.
Repeat CT, MRI, EEG in 2006 @ U. of Pittsburgh-normal.

i [eurg OS5 STM problems, short-temper, irritable, avoids crowds,:
“commotion, low energy levef decreased smell, taste, generahzed
co gmtlve dechne

el ot -t AL il e
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D I's, 1.4 d, 5d/week. IV glutathione and
ati y chohne, anc{ ?\IAET rse-HBOT t1wg

mfproved on nearly all symptoms and PEx findings.

an employees.
SPECT, 4/2013 improved.

E 7)_Fl§ mioniinl Eiter, S vagreggion, Doing multiple theraples No PCP
> U =

—— et —— e b et - - —t - ettt et sttt Dot

-———v——-JJJJJx—o - = > - o ot ot ot o ot

'3, [ pro\e,l

Val i Silaten oyeralliim proyererni: focus, memo |
| vel, mood control PEx: ~same as post 36 H OTs: :
Ulepeat SPECT /201 slight deterioration compared to post 36
,atm,e,nts. e | R o e o

ooy >
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‘What does a normal

. person look like on |

- brain blood flow |
scanmng?
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Normal 34 year old male: LSU IRB 1998-2001




Purportedly Normal 34 year old male: LSU IRB 1998-200
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HBOT IN CTE
2/ A713=413)13—PRost: 36 HB OIS

“ L

2/4/2013 = 4/18/2013




HBOT IN CIE

214/13-8/21/13—Post 70 HBOTs




HBOT IN CIE

4/18/13-8/21/13—Post 36/70 HBOTSs
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IinfoBox for Display 1A

H Age: 46 yrs

2/4/2013 Brain Tomo Brain




InfoBox for Display 1A

H Age: 46 yrs
2/5/2013 Brain Tomo Brain
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InfoBox for Display 1A

4/18/2013 Brain Tomo Brain
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InfoBox for Display 1A

8/21/2013 Brain Tomo Brain

Tomo Image ID: ZoonTrans 093

M Age: 47 yrs
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5/12/2»015: Patient remains active
in his multiple businesses, has %
sponsorship by a national [
corporation, and hosts a radio ¥
show.

? Additional HBOT :
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" HBOT and

= [llterature REVIEW SIS EpubITICALION

+ Stoller, Medical Gas Research, 20m;1:17: 1 of 2 cagey
‘ - “In his early 50’s”, retired NFL player.
j - mTBI w/LOC Pop Warner football-youth
0 lumerous concussions through football career (high school, ©
~ University of Colorado) B
S o ajor” coneussion during 1t play in NFL, San Francisco  ©
49€rs.

: D53 0ISICIING S Al (SHONINTSIS ATIES

1 2t gengorl, dorieligglion rezickiarie, multiple evaluations by
team trainer and physmlan Pain pills.
+ Increasing headaches.
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HBOT and CTE

. Stoller, Medical Gas Research, 20115117
s 2M geason,

gy r[/r|r9rer 2l

__‘..._

- Emergency VP shunt.

-1 subsequent shunt revisions over g years.
A0 BOAS At

‘J_

SPECT brain imaging pre/post HBOT (improved on
surface 3-D reconstruction).
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m 19-Oct-09
W 29-Jul-10

Info Processing  Reaction Time (RT) Gen Cog Function  Mermory (Wem ) Reasoning [ Lpatial Processing
Specd (1PS) (LR} Calculation [Reas) Speed

Figure 1 Source: MicroCog Assessment- Independent Evaluation by Amen Oinic. (The lower the scome on meaction time the better the
result).
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Conclusions:

- CTE is a pathological condition resulting from multiple
traumatic wounds of the brain, possibly in combination with
other insults, that is associated with a multi-domain clinical
condition.

T A Y e

HBOT is a treatment for wounds in any location and of any
n
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HBOT in Alzheimier's Disease:
Case Presentation with PET

501y:0: €atice 2\l eggriitiyaclddiing gyaie

= pxtensive WJrl’Ilp negative: blood work, MRI, MRA, bubble—
~ contrast TTE, PVD stud abdominal ultrasound 24h Holter
~ monitor, carotld ultrasound.
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2 HBOT in AIzhelm Dea
Case Presentation with PET

et

drug abuse, ECT
s

e ,
PEx: abnoerma
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Patient refuzecd except Lexapro, Biotin, Vitamins
. Bi2 and D three weeks pre-HBOT.

minutes total treatment time, once/ day,

(P

LA

Sty

_ 5d/week HBOTS in 66d.

After 21 HBOTS patient reported symptomatic improvement w1th
~ increased energy/activity level, mood, ability to draw a correct ;, |
+ clock face, perform activities of daily living, and work crossword
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" HBOTin AIzhelmer s Disease:
Case Presentation with PET

. Neurologist started Exelon patch 9.5 mg for one week:
discontinued by patient.

- At completion of 40 HBOTs patient reported

_(-.

;‘j_- Repeat PET one month post HBOT showed global improvement in
~ brain metabolism.

at 9 mg, increased to 12, then
deq;eased to 9 to GI 1ntolerance e




~ HBOT in Alzheimer’s Disease:
Case Presentation with PET

due to no

- 1mprovement in symptoms.

~ which showed improvement in some scores, no change in
- many, and worsening of many.
. testing patient has received

during this time is as follows:




'HBOT in Alzheimer’s Disease:
Case Presentation with PET
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. Conclusion:

. HBOT generated a diffuse increase in brain
metabolism, including the signature areas respon51ble
for Alzheimer’s Disease.

This implies an HBOT effect on more than just acetyl x.
choline pathways.
Simultaneously, the patient experienced an
improvement in symptoms and physical exam. |
The HBOT effect was sustained with additional HBOT
and medications.
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Disease (ND)-Take Home

Neurodegenerative Disorders have
of the causes of ND
i In the pathogenesis of ND.
~ HBOT isa

" HBOT dosing is a matter of
in the disease. t
on HBOT in ND is not substantial, but sufficient |
~ enough to
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