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Learning Objectives

1. To understand that hyperbaric oxygen therapy 1s a dual-
component therapy consisting of increased pressure and
hyperoxia with primary effects on modulation of anti-
inflammatory gene expression and pro-inflammatory gene
suppression.

2. To understand that the secondary injury that dominates TBI 1s
largely mediated by inflammation.

3. To understand that multiple (RCTs) randomized controlled
trials demonstrate efficacy of HBOT 1n mild TBI/persistent
postconcussion syndrome (PPCS) with or without PTSD and this
body of literature now constitutes evidence-based medicine for
HBOT in mTBI/PPCS.




Outline

Brief review of HBOT

Brief review of TBI

FDA drug and device proofing/approval process (old standard)
Historical review of author’s experience with HBOT in chronic TBI
A. Louisiana divers.

B. Louisiana boxers. (CTE).

C. Case series.

D. Animal study of chronic severe and mTBI.

E. Probono U.S. war veterans (continues to this day).
F. Case-controlled study of HBOT in mTBI/PPCS + PTSD.

G. ”Act of Congress:” funding for HBOT mTBI/PPCS RCT.
Harch-Andrews LSU RCT
Comparison to other mTBI/PPCS studies.

Making Sense of the studies: interpretation in terms of and reinforcement of
scientific definition of HBOT. Placebo argument in 2012 LSU Pilot Trial.
“Ritual.”

Satisfying the FDA recommendation of 2011.

Conclusion and recommendation for government and insurance reimbursement.
Class A, American Heart Level 1.




WHAT
IN

HYPERBARIC
OXYGEN THERAPY?




For five decades the hyperbaric field has
relied on one version or another of this
definition

TRADITIONAL DEFINITION:

“Hyperbaric oxygen (HBO,) treatment, in which a
patient breathes 100% oxygen while

inside a treatment chamber at a pressure higher than
sea level pressure (i.e., :
ATA), the new application of an old
established technology to help resolve
recalcitrant, expensive, or otherwise hopeless medical
problems...pressurization should be at
atmospheres or higher.”

UHMS HBOT Committee Report, 1999




HBOT
“Accepted Indications”

. Air or Gas Embolism

. CO Poisoning/Smoke Inhalation

. Clostridial Myonecrosis (gas gangrene)

. Crush Injury, Compartment Syndrome, and other
acute Traumatic Ischemias

. Decompression Sickness

. Selected Problem Wounds (diabetic, arterial
insufficiency, venous stasis, etc.)

. Exceptional Blood Loss (Anemia)

UHMS HBOT Committee Report, 20014



HBOT
“Accepted Indications”

8. Necrotizing Soft Tissue Infections

9. Osteomyelitis (Refractory) or (Acute) in
Compromised Hosts

10. Radiation Tissue Damage (Osteoradionecrosis and
Soft Tissue)

11. Skin Grafts and Flaps (Compromised)

12. Thermal Burns

13. Intracranial Abscess

14. Central Retinal Artery Occlusion

15. ISSHL

UHMS HBOT Committee Report, 2008



Historical Definition-What’s good
about 1it?

. It became the foundation for a field of medicine whose scientific
underpinnings were poorly understood.

. It enabled the reimbursement of hyperbaric therapy by defining the
methodology by which reimbursement would be secured, i.e., tying
reimbursement to recommendations of “certain’ diagnoses that were
determined by “authoritative” sources.

. By enabling reimbursement it legitimized and established the credibility of
hyperbaric medicine .

However, it is time to admit that this definition is
scientifically inadequate.




Historical Definition-What’s wrong
with it?

1. We have a treatment defined by the diseases it treats. Odd. (antibiotic
therapy is not defined by pneumonia).

. The word “certain” is a major problem. The definition is dependent on a list
of diagnoses determined by a group of doctors.

a. That has worked for reimbursement in the U.S.

b. What happens when you cross country borders? (70+ diagnoses in Russia, 40+ in
China, 30+ in Japan, etc.)

i. Science doesn’t change at country borders. Does Newton’s apple fall the
same way in Russia, China, and Japan as it does in the U.S?
ii. A scientific definition should be independent of country borders.

. The definition says it is 100% oxygen at greater than 1 ATA, but then
contradicts itself and states a threshold dose for HBOT, >1.4 ATA.

a. There is no scientific evidence that HBOT is 1.4 ATA and 1.399 HBOT is not.

4. It assumes that HBOT is exclusively the biology of hyperoxia.




A Scientific Definition of HBOT

1. In 1998 Dr Richard Neubauer and I proposed a new definition of
HBOT:

Hyperbaric oxygen therapy is the use of greater than
atmospheric pressure oxygen as a drug to treat basic
pathophysiologic processes.

This was edited to:

“...we define HBO as a medical treatment that uses high
pressure oxygen as a drug by fully enclosing a person or
animal in a pressure vessel and then adjusting the dose of
the drug to treat pathophysmloglc processes of the

diseases. ’

(i.e., HBOT is the physiology and biology of hyperbaric hyperoxia)

1. Harch PG, Neubauer RA. Chapter 18, in The Textbook of Hyperbaric Medicine, 3rd Edition. Ed. K.K. Jain, Hogrefe and Huber Publishers,
Gottingen, Germany, 1999.




Further Refinement of the Definition
of Hyperbaric Oxygen Therapy

&® Fall, 2010: Special Protocol Assessment
Request to the FDA for RCT on HBOT in
mTBI/PPCS.

® Application for HBOT 1.5 ATA vs.
control group.

® Multi-center: LSU and Oklahoma State
University

® Declined with recommendations




Further Refinement of the Definition
of Hyperbaric Oxygen Therapy

“We consider your intervention
(hyperbaric oxygen therapy) to be a
combination therapy, the constituents
of which are hyperbaric treatment and
hyperoxic treatment. Each of these
constituents has the potential to
contribute independently to the overall
therapeutic effect.”




Further Refinement of the Definition
of Hyperbaric Oxygen Therapy

What?

In 24 years of clinical hyperbaric
medicine upto 2010, nowhere at

any time has there been any
discussion or information on the
biological activity of pressure.

So, when the going gets tough...
the tough g0 to the library!




Further Refinement of the Definition
of Hyperbaric Oxygen Therapy

Literature search on the biological effects of pressure:

Since the 1940s there are dozens of articles on the
physiologic/biologic effects of pressure, including

micCropressure.

Became the foundation for the J of Neurotrauma and
Undersea/Hyperbaric Medicine Letters to the Editor

regarding the Wolf, et al, and Weaver, et al articles.

HARCH, PAUL G. HYPERBARIC OXYGEN THERAPY FOR POST-CONCUSSION SYNDROME:

CONTRADICTORY CONCLUSIONS FROM A STUDY MISCHARACTERIZED AS SHAM-
CONTROLLED. JOURNAL OF NEUROTRAUMA,2013;30:1995-1999.




Further Retfinement of the Definition
of Hyperbaric Oxygen Therapy
Micropressures of 1.0015-1.3 ATA

CBP

# pa
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ELSEVIER Comparative Biochemistry and Physiclogy Part A 122 (1999) 13-36

Review

The transduction of very small hydrostatic pressures

A.G. Macdonald #*, P.J. Fraser "

* Depaiiment of Biomedical Sciences, Zoology Building, Tiltlwdrone Avenwe, University of Aberdeen, Aberdeen AB24 2TZ, Scotland, UK
b Depurinteni of Zovlogy, Tillvdrone Avenue, Universily of Aberdeen, Aberdeen AB2 2TZ. Scotfund, UK

Received 17 July 1998; accepted 23 November 1998




Physiologic Effects of Increased
Hydrostatic Pressure

“Pressures from 1.21-1.26 ATA delivered to human?°-
3land 1.0015-1.015 ATA to animal endothelial cells,*? and
1.10 and 1.20 ATA to human platelets33-34 for 15 min or
longer have caused the elaboration or suppression of
vasoactive substances,?®! and the elaboration of growth
factors,3? inflammatory mediators,3® oxidation products,3
and cell proliferation.’” This literature and biological effects
from a 1-min exposure to 1.09 ATA or 3 min at 1.04 ATAV
inform the symptomatic improvements noted in the Wolf
and associates! ‘“‘sham’’ group, as do benefits of hyperbaric
air on spinal function and PTSD 1n spinal cord injured
veterans during a SCUBA diving training course.??

Harch, P.G. Letter to the Editor, J of Neurotrauma, submitted 12/2012




REMINDER

The entire history of hyperbaric medicine from
its origin 1n 1664 to the 1950s was the use of
compressed air at pressures upto 3 ATA? for

both acute (Spanish Flu, renal failure, etc.) and

chronic conditions.!

In 1887 Arntzenius published a review article on
hyperbaric therapy with 300 references.?

1.Vance Trimble, The Uncertain Miracle, Random House, 1973.
2.Jain KK. Chapter 1, Textbook of Hyperbaric Medicine, 15t Edition, 1996




Physiologic/Scientific
Definition of HBOT

Hyperbaric Oxygen Therapy is the
(pharmacologic) use of greater than

atmospheric barometric pressure and
oxygen as drugs to treat basic disease
processes/states (pathophysiology), and
their diseases.

Harch, PG. Textbook of Hyperbaric Medicine, 6 Ed, Chapter 20, 2017.




Primary mechanism of action
of HBOT?

Modulation of gene

expression and
suppression

(gene therapy)




HBOT and Gene Eftects

Godman CA. Cell Stress and Chaperones, DOI 10.1007/s12192-009-0159-0 (Courtesy Dr. Philip James

Human microvascular endothelial cells, in vitro
1t HBOT: 2.4 ATA/60 mins; 2" HBOT at 24h
Continuous mass gene analysis for 48h

Results:
At 24h:

1. 8,101 genes of the ~19,000 human protein-coding
genes were up or down regulated compared to
control

At 48h:

1. Cells formed microtubules (blood vessels) in a petri
dish




Anti-inflammatory Genomic
Effects of HBOT

Godman CA. Cell Stress and Chaperones, DOI 10.1007/s12192-009-0159-0 (Courtesy Dr. Philip James

1. Largest clusters of genes upregulated:
anti-inflammatory and growth/repair

hormones genes.
2. Largest clusters of genes downregulated:
pro-inflammatory and cell death genes.




Anti-inflammatory Genomic
Effects of HBOT

UHM 2013, VOL. 40, NO. 2 — INFLAMMATORY GENE EXPRESSION ALTERED BY HBO; PRESSURE

Different oxygen treatment pressures alter inflammatory gene expression
in human endothelial cells

Alexandra C. Kendall %, Jacqueline L. Whatmore!, Lorna W. Harries!, Paul G. Winvard,
Paul Eggleton 13, Gary R. Smerdon ?

Kendall, A.C., et al. Undersea Hyper Med, 2013;40(2):115-123




Anti-inflammatory Genomic
Effects of HBOT

Neurochem Res (2009) 34:1047-1056
DOT 1010071 1064-008-9873-8

ORIGINAL PAPER

Microarray Analysis of Gene Expression in Rat Cortical Neurons

Exposed to Hyperbaric Air and Oxygen

Ye Chen - N. Suzan Nadi - Mikulas Chavko -
Charles R. Auker ¢« Richard M. McCarron

Chen, Y., et al. Neurochem Res, 2009;34:1047-1056




Anti-inflammatory Effects of

HBOT-Review

Rossignol Madianl Ga Research 2012, 246

UL v el bgpans res s rchcom Acontenty 2, 106 MEDICAL GAS

RESEARCH

)

REVIEW Open Access

Hyperbaric oxygen treatment for inflammatory
bowel disease: a systematic review and analysis

[raniel A Rossignol




Anti-inflammatory Eftfects of
____HBOT-Review

TheScientiicWorid/OURNAL (2006) 6. 25441 TheScientificWorldOURNAL

e thescie ntificward. corm

Effects of Hyperbaric Oxygen on Inflammatory
Response to Wound and Trauma: Possible
Mechanism of Action

Noor 5. Al-Waili* and Glenn J. Butler

Life Support Technologies, inc. — New Technologies, Inc., Chronic Wound
Treatment and Hyperbaric Medicine Cemfer, The Mount Vemon Hospital, Tih
Avenue 12 North, Mournt Vernon, NY 10530




Medical Detfinition of Sham and Placebo

Sham:

“being a treatment or procedure that is performed as a control and that is
similar to but omits a key therapeutic element of the treatment or procedure
under investigation.”!»3

The key therapeutic elements of hyperbaric oxygen therapy are increased
pressure and hyperoxia.

Placebo:
“An 1nactive substance or preparation used as a control in an experiment or
test to determine the effectiveness of a medicinal drug.”?3

Based on these definitions and the scientific definition of HBOT a sham
hyperbaric treatment can have no increased pressure and no hyperoxia.

Harch, PG. J Neurotrauma, 2013;30:1995-9.




http://hdimge.com/post/pink-beach-sunset-for-desktop-background- 13-high-definition-wallpaper.html




TRAUMATIC BRAIN INJURY
DEFINITION

Traumatic brain injury (TBI) 1s a
nondegenerative, noncongenital insult to the

brain from an external mechanical force,
possibly leading to permanent or temporary
impairment of cognitive, physical, and
psychosocial functions, with an associated
diminished or altered state of consciousness.

http://emedicine.medscape.com/article/326510-overview




TRAUMATIC BRAIN INJURY

CLASSIFICATION

assification of TBI Severity

US VA/DoD i

Criteria

Moderate

Severe

Structural
imaging
[CT/MRI]

Normal

Normal or abnormal

Normal or abnormal

LOC

0-30 min

> 30 min and < 24
hours

> 24 hrs

AOC

a moment

up to 24
hrs

> 24 hours. Severity
based on other criteria

> 24 hours. Severity
based on other criteria

Duration
of PTA

< 24 hrs

24 hrs to < 7 day

7 days or more

GCS

13t0 15

9to12

https://www.slideshare.net/leishmanassociates/management-of-traumatic-brain-injury-wallace-5722741




TRAUMATIC BRAIN
INJURY
PATHOLOGY

Primary Injury:
1.Acceleration/deceleration with

shear, stretch, compression, tearing
of white matter.
2. Secondary Injury: the
inflammatory reaction, biochemical
and neurotransmitter storm




Axon Injury

Compressed Sheath Loss Disconnection Degeneration

degeneration-regeneration-of-peripheral.html




Diffuse Axonal Injury

Diffuse axonal swelling (brown) Axon contraction balls

org/chapter4/chapter4b BT | NouroSim/
Contusions_dai_sbs.html M =B Dics. 4.2 him




TRAUMATIC BRAIN INJURY
PATHOPHYSIOLOGY
(BLAST INJURY)

Types of traumatic injury in Blast Injury:
1. Primary blast injury from blast wave itself: complex

waves
2.Secondary from flying debris

3. Tertiary caused by acceleration of the body by blast wind:
includes impact of body with other objects, coup-
contrecoup brain injury

4.Quarternary caused by flash burn and chemical/smoke

exposure.
Cernak I, 2010. J Cereb Bl Flow Metab;30:255-266.




|: Pressure history of high explosive (HE) and
thermobaric explosive (TBE) detonations

TEE vs. HE:

-Lower peak pressure
-Longer pulse duration

http://www.defence.gov.au/health/infocentre/journals/ ADFHIJ apr03/images/adf wildegger fm-1.jpg



The net result of traumatic
brain injury

Microscopic wounds 1n gray and white matter
consisting of living, dead, and living non-

functional brain tissue (Presumption)




Think of the Marx Model

A=10-20 mm Hg




TBI and Neuroinflammation

A plethora of literature has
established that

in the
secondary injury phase of TBI




TBI and Neuroinflammation

Cell Mol Neurobiol (2017) 37:571-585 { B ) CrossMark
DOI 10.1007/510571-016-0400-1

REVIEW PAPER

Pathophysiology Associated with Traumatic Brain Injury:
Current Treatments and Potential Novel Therapeutics
Matthew L. Pearn'? « Ingrid R. Niesman™* « Junji Egawa'? « Atsushi Sawada'" -

Angels Almenar-Queralt™* - Sameer B. Shah® « Josh L. Duckworth® -
Brian P. Head'*

“TBI results in BBB damage and leakage which allows for...
increased neuroinflammation.”
“Injury to microglia causes release of cytokines.....1igniting an
inflammatory cascade at the site of injury.”




TBI and Neuroinflammation

Cell Mol Neurobiol (2017) 37:571-585 { B ) CrossMark
DOI 10.1007/510571-016-0400-1

REVIEW PAPER

Pathophysiology Associated with Traumatic Brain Injury:
Current Treatments and Potential Novel Therapeutics

Matthew L. Pearn'” « Ingrid R. Niesman™* « Junji Egawa'? - Atsushi Sawada'” -
Angels Almenar-Queralt™* - Sameer B. Shah® « Josh L. Duckworth® -
Brian P. Head'*

“Injury to endothelial cells, pericytes, astrocytes (and microglia)...
promotes further inflammation for months to years.”

“It 1s the secondary or delayed injury that allows for the opportunity
for a therapeutic window to prevent progressive tissue damage
and loss of function.”




TBI and Neuroinflammation

Jowmal of Neuroimmuomology 332 (2015) 112-135

Contents s avallable at SclenceD irect

Journal of Neuroimmunology

Journal homepage: www.elsevier.com/locate/jneurolm

Review Article
The immunological response to traumatic brain injury

MNeedham E.J.**, Helmy A.”, Zanier E.R.", Jones J.1.”, Coles A.J.%, Menon D.K.*
¥

* Deparoven of Clindeal Measradews, Faivasiy of (emibridge, Cambridge, UK
"'qumq.l'lm bxinae & Ricerche Famacalogchs Mavks Negri IROCS, Milan, Ty
“ Divtidom of Amncentheds Drporovear of Madi b, Diubversiny of Comivldpe, Candridpe, LE

Inflammation post TBI involves multiple components of the immune
system, including cytokines, neutrophils, astrocytes, microglia, T-
Lymphocytes, B-cells, autoantibodies, complement, NK cells,
Phagocytes...

“No treatments specifically modulate the
underlying pathophysiology”




TBI and Neuromﬂammatlon

Jowrnal of Neuroimmuonology 332 (2019) 112-1

Contents lists avallable at Sclencelirect

Journal of Neuroimmunology

Journal homepage: www.elsevier.com/locate/jneuroim

Review Article
The immunological response to traumatic brain injury
Needham E.J."™*, Helmy A.", Zanier E.R.", Jones J.L.%, Coles A.J.%, Menon D.K.°

* Lepormverr of Clindeal Measadmes:, Uaivesity of (hmiridge, Cavbridge, UK
b Depermve of Measeideuce, Bisen & Ricerche Famuacologiche Mk Negri IROCE, Milas, Taaly
* Divisiom of Amaeheds, Deparovent of Medicine, Dnversity of Cambridge, Canbridge, UK

“The mnfluence of immunological processes on outcome following TBI...
Modulation of these processes offers a tangible mechanism to influence
secondary neuronal injury and improve patient outcomes...”
(Potential impact on the 25% of TBI patients who proceed to
neurodegeneration as a result of chronic inflammation)




TBI and Neuroinflammation

‘2 NIH Public Access
Eé Author Manuscript
"‘HF'F-

Published in final edited form as:
J Newropathol Exp Newrol. 2014 January ; T3(1): 1429 doi: 101097/ NEN 0000000 00000021 .

Progressive Neurodegeneration after Experimental Brain
Trauma: Association with Chronic Microglial Activation

David J. Loane, PhD", Alok Kumar, PhD, Bogdan A. Stoica, MD, Rainier Cabatbat, MSc, and
Alan I. Faden, MD

Department of Anesthesiology & Center for Shock, Trauma and Anesthesiology Research
(STAR), Mational Study Center for Trauma and EMS, University of Maryland School of Medicine,
Baltimore, Maryland

Mice, controlled cortical impact TBI, longitudinal MRI and histology:
Persistent microglial activation in the cortex at one year with
Progressive lesion expansion, hippocampal neurodegeneration,
and loss of myelin.

Biochemical markers of neuroinflammation and oxidative stress were
significantly elevated.




FDA New Drug and
Device Proofing Process

. In vitro experiments.

. Small animal studies.

. Large animal studies.

. Case reports, case series.

. European and international clinical trials.

. U.S. clinical trials.
. CURES Act has changed this process.




Outline

. FDA drug and device proofing/approval process (old standard)
. Brief review of TBI
s H storical review of author’s experience with HBOT in chronic

A. Louisiana divers.

B. Louisiana boxers. (CTE).

C. Case series.

D. Animal study of chronic severe and mTBI.

E. Pro bono U.S. war veterans (continues to this day).

F. Review of the literature of HBOT in mTBI/PPCS
. Satisfying the FDA recommendation of 2011.

. Conclusion and recommendation for government and insurance
reimbursement. Class A, American Heart Level 1.




Case Presentation
D.G.

34 y.0. WM Sport SCUBA Diver

Neurological Decompression Illness

5/19/1991













HBOT IN CHRONIC
BRAIN INJURY

Early case experience
(New Orleans and Slidell, LA)

1. Gratuitous neyrological imf;ro,vem nt in extremity wound

patients with chronic neuro

ogical diagnoses.

2. Divers with subacute cerebral decompression illness.

3. Louisiana boxers: Dementia Pugulistica Study:

a.
b.

Community Hospital IRB

ty
Funded by The Hirsch F dati 20,000) to Keith V
Meter, MLD, and $ Celdo%“&g?ti?e’?a,( 01009)tg Keith Van
Baromedical Research Foundation of New Orleans.

I evaluated 3 Boxers, treated two (one was the first case of
CTE-1989).



HBOT IN CTE

Dementia Pugulistica Study
Case Presentation

R.D.
55 y.0. male

Boxing 15-32 y.o., 15 years professionally

135 professional bouts, last one 23 years before HBOT
World champion

1 LOC in 1%t 100 bouts, 4 LOCs in last 5 fights, last LOC x 3-
5 mins.




SPECT: 5d post 62" HBOT-Surface
Reconstruction 3-D
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SPECT: after 63 HBOT-Surface
Reconstruction 3-D after single
HBOT at 2.0 ATA/70 Mlnutes




Hyperbaric Oxygen Therapy 1n
Chronic Severe TBI

B. N.

29 y.0. WF
6 years after
self-inflicted GSW
1n 1989




B. N.

GSW 1989, coma, prolonged recovery.
Evaluation in N.Q. 6 years later, 1995.

Paraparetic, severe weakness arms/hands, severe spasticity,

spasms with inability to sleep, headaches, poor trunk control,
severe constipation.

SPECT and HBOT over 4 months.




B. N.

® Results: Independent physiatrist evaluation—
generalized decrease in spasticity, increase left
hand grip, movement in knees.

® Patient reports: increased extremity and trunk
motor function, decreased headaches, marked
decrease 1n night spasms with reduction of
insomnia, natural bowel movements.

® SPECT: fairly dramatic improvement in brain
blood flow.




Baseline
Scan




After 1
HBOT




After 80
HBOTs




What'’s the difference
between chronic extremity
and chronic brain
wounds?

Location, and potential

responsiveness to a
different dose of HBOT




Perfusion/Metabolism
Encephalopathies Study

Results:
~ 200 patients evaluated

~ 50 different neurological conditions

especially CP, DCI, TBI, CVA, CO,

near-drowning, autism, toxic brain
injury




HISTORICAL REVIEW OF
HBOT IN mTBI/PPCS:
Origin of the 1.5 ATA Dose

1. Noticed response of divers with greater and greater delay to

treatment using a lower dose of HBOT (1.5 ATA) per

It was the dose used by in
the 70s for acute severe TBI and the same dose that I found was
effective for with
numerous acute concussions in ),
in the mid-2000s, in 2008, a

in dozens of acute concussed In

the 2000s and thru to the present, for
acute concussion 1n the late 2000s,




“But, You Don' t
Have an Animal

Model”

UHMS Annual Meeting 1994, Denver




Focal Cortical Weight
Drop (Head Bonk) Model

of Acute Traumatic Brain

Injury

Adapted to Chronic Brain Injury




Head-Bonk Before




Head-Bonk - 30 D After

@ O




Head-Bonk -Protocol

from Albuquerque to New Orleans.
remains in Albuquerque as an

: randomly assign
or HBA (1.1-2 ATA x 5-10 mins. and drift back to
1 ATA 1n 15 minutes/90 mins., bid, 7d/wk.

10 days later then

stain with




1.5

1.4

1.3

1.2

Vessel Ratio, Ipsi:Contralateral Hippocampus

. Altitude
B Air
B uso




% Swim Distance in the Correct Quadrant

(Post Rx - Pre Rx)

R value= .67 (correlation blood
vessel density and spatial learning)

. Altitude

B Air
B uso




Significance of Head Bonk
Experiment:

1. Clinical effects of HBOT in Chronic Brain Injury
Patients

2. SPECT changes in HBOT /Chronic Brain Injury
Patients

3. SPM/HBOT/SPECT data in Pediatric Brain
Injury (medial temporal lobe/clinical findings)

4. To date:




Mild TBI Persistent Post-Concussion
Syndrome, PTSD, and Hyperbaric
Oxygen Therapy

Review of the Clinical
[ 1terature




HBOT 1n Blast-Induced TBI

Case Presentation: General Maney

8/21/05: IED explosion with transient LOC, few second anterograde
memory loss.

Walter Reed: extensive evaluation. Cognitive deficits (“low normal”
range on psychometric testmg%.
PT, aqu

-therap cogéllitive therapy (beneficial), but still significantly

c.

1mp aired/ unem%’loya

HBOT: 1 year post TBI. Dr. Zant gives wife

® Noticeable improvement at 18 HBOT' s.

® 25 HBOT' s: much more sociable, less napping.

® 80 HBOT's: significant improvement in cognition and reduction in back

pain,.

Returns to part-time work as judge.




HBOT in Blast-Induced TBI-24 Case
Cases Journal, 6/2009

Boston judge responds to USA Today PGH offer.

25 y.0. Marine machine-gunner (Humvee).

IED explosion 3/15/05 w/LOC <lmin.

Tinnitus, headaches, off-balance, 1rritability.

6 more IEDs and RPGs with altered LOC in this and 2"¢ deployment.

Bilateral tinnitus, hearing loss, nightmares, behavioral and cognitive
deterioration.

Honorable D/C with 10% PTSD, 10% TBI




Harch, et al.Cases Journal. 2009;2:6538.

4/7/08: 3y post injury. H & P, SPECT brain imaging.
(39 HBOTSs, 4/7-5/2/08).

Energy up. . Goes to French Quarter Festival-
400k people in 1 day.

Obtains
5/2014:
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Case Report-Treatment of mTBI with
HBOT: Wright, et al, UHM, 2009;36(6)

2 U.S. Airmen, IED, acute concussion. Sx for 2 weeks.
Recurrence of symptoms and additional Sx 3 wks. post injury.

6 months post IED, Dx: PPCS. Deterioration of ANAM compared to pre-
njury.

8 months post IED: HBOT 1.5 ATA/60 qd x 40.

. Repeat NP testing showed
limited improvement compared to pre-HBOT. One airman
: He
returned to his pre-injury functional state.




Case Report-Treatment of mTBI with
HBOT: Wright, et al, UHM, 2009;36(6)

FIGURE 1B — Airman C ANAM Scores
100
80
m I
M 11-Nov-07
A I
B 21-Jul-08
20 [ 9-Oct-08
0 -
Simple Procedural Code Code Mathematical Matching
Reaction Time  Reaction Time Substitution Substitution Processing to Sample
Learning Delayed

Throughput scores are presented as the percentile of the comparison group of military members without TBI.



Case Report-Treatment of mTBI with
HBOT: Wright, et al, UHM, 2009;36(6)

ANAM Scores

FIGURE 1A — Airman B ANAM Scores

100
80 -
60 -
M 11-Nov-07
40 - M 21-Jul-08
9-0Oct-08
20 -
M 16-Jan-09
0 -

Simple Procedural Code Code Mathematical Matching
Reaction Time  Reaction Time  Substitution Substitution Processing to Sample
Leaming Delayed




the first case report and 4 additional
cases of blast-induced mild-moderate TBI/post-
concussion syndrome treated with were presented to

the

, and an august group of
and
. In the audience were 3 of the 6
cases who provided their testimonials. The purpose of
the presentation was a request for funding.
, but . As aresult, we




Hyperbaric Oxygen Therapy in Chronic Blast-
Induced Mild-Moderate Traumatic Brain
Injury (Post-Concussion Syndrome) and Post-
Traumatic Stress Disorder

(LSU IRB #7051)

LSU School of Medicine, New Orleans and Baromedical Research Institute of New Orleans

September, 2008
$643,000 raised by Bill Duncan,
Marty Hoffman, and Dr. Harch.




Harch, PG, et al. A Phase I Study of Low Pressure
Hyperbaric Oxygen Therapy for Blast-Induced Post
Concussion Syndrome and Post Traumatic Stress Disorder.

Journal of Neurotrauma, Epub ahead of print,
11/22/2011: 2012, 29(1):168-185.

L.SU Pilot Trial

Study approved 8/2008




HBOT in Chronic TBI and TBI with
PTSD-LSU Pilot Tral

® Protocol ,>1yrold
&

% Baseline brain

® Next day:

® Repeat Brain (Neubauer Sequence)
: 1.5 ATA/60 TDT, bid, Sd/wk.

® Repeat all above testing
P regarding return to work or school.




Number
of subjects

Sex
Average age

Average
time from

TBI to HBOT

Average loss of
CONnsciousness

Avg. # blast TBIs with
LOC or altered LOC

Service at time of LOC




rFrre-nmnpopwi

FosLw'-npwi

Fre.rosi

8::;%?:: Mean +/-SD (15) | Mean +/-SD (15) Diff +/-SD S'S;';'szsfre
Median (Range) Median (Range) 95% CI
95.8 +/-8.4 110.6 +/-10.3 14.8+7.4
Full Scale 1Q 98 (80-106) 110 (97-129) Cl: 10.7 to 18.9 p<0.001
Delayed Memory 97.7 =+ 13.3 1069 = 15.4 9.2 +14.3 —0.026
(WMS-1V) 94 (76-125) 107 (80-142) Cl: 1.3 to0 17.1 p=9-
%k
Rivermead 9.5 + 2.4 (15) 7.5 + 3.6 (15) 21 +3.7 —0.049
Paragraph 10 (6 — 14) 8 (2 —-13) Cl: -4.1 to -0.0 p=0-
Working Memory 97.0 £ 13.6 106.9 = 13.1 9.9 +10.3 —0.003
(WMS-1V) 91 (85-131) 105 (88-127) Cl: 4.1 to 15.6 p=0-
Stroop Color/Word 84.3 x12.2 95.3 = 12.8 11.1 9.2 <0.001
Interference 80 (65-108) 94 (67-118) Cl: 6.0to 16.2 p=<0-
TOVA 73.3 = 29.6 (15) 75.8 + 27.2 (15) 2.5+228 —0.514
Inattention 86 (40 — 107) 85 (40 — 107) Cl: -10.1 to 15.2 p=0-
o 89.6 + 24.9 (15) 98.6 + 23.1 (15) 9+ 16.2 B
TOVA Impulsivity 90 (40 — 123) 107 (40 — 118) Cl: 0.0 to 18.0 p=0.041
TOVA Reaction 93.1 + 22.5 (15) 99.1 + 14.6 (15) 59+ 19.3 —0.254
Time 99 (53 — 120) 103 (70 — 123) Cl: -4.8 to 16.6 p=1-
N 64.4 + 28.7 75.3 + 24.6 10.9 + 20.2 B

TOVA Variability 45 (40-111) 80 (40-111) Cl: -0.2 to 22.1 p=0.045
FingerTap 90.9 + 18.3 (15) 98.6 + 15.0 (15) 7.7 £20.7 —0.174
Dominant H 93 (55 — 118) 98 (75 — 130) Cl: -3.8 to 19.2 p="-
FingerTap 90.0 + 21.5 (15) 94.0 + 25.2 (15) 4+18.5 0416
NonDominant 95 (40 — 118) 91 (40 — 130) Cl: -6.2 to 14.2 P=0.
Grooved Pegbrd 88.9 + 19.8 (15) 96.8 + 18.8 (15) 7.9+124 —0.028
Dom 88 (55 — 124) 98 (65 — 129) Cl: 1.0 to 14.7 p=0.
Grooved Pegbrd 84.0 + 22.0 (15) 87.3 + 22.8 (15) 3.3+15.3 5=0.423

NonD

85 (40 — 120)

85 (40 — 118)

Cl: -5.2to 11.8

KK.

I | W BRI B APy




Outcome Pre-HBOT Post-HBOT Pre:Post Signif of Pre to

Veariables Mean +/-SD (15) | Mean +/-SD (15) Diff +/-SD Post
Median (Range) | Median (Range) 95% CI

Rivermead 39.7 +/-6.0 24.1 +/-12.6 -15.6 £ 12.8 =0.0002

PCS 40 (27-47) 26 (0-42) Cl:-22.7t0-8.5 p=0.

67.4+10.5 471+ 16.0 -20.3 +18.2

FEL-M 68 (48-84) 46 (24-69) | Cl:-30.4 to -10.2 p=l.00]

PHQ-9 16.6 £4.9 82147 -84+74 <0.001

Depression 18 (5-24) 7(2-17) Cl: -12.5 to -4.3 P=E.

GAD-7 12.7+5.8 79153 -4.8+5.8 =0.007

Anxiety 14 (4-21) 7 (0-21) Cl:-8.0to-1.6 =0

Perceived 81+ 37 114 + 36 33+ 36 =0.003

QOL 74 (29-154) 125 (42-161) Cl: 13 to 53 =y

% Back to N: 49.7 £17.0 68.9 + 20.0 19.2+17.9 <0.001

Cognitive 50 (20 - 85) 75 (30 — 95) Cl: 9.3 t0 29.1 p=Y.

% Back to N: 46.7 £ 22.2 67.5+18.5 20.9+16.3 <0.001

Physical 45 (10 — 85) 70 (25 -90) Cl: 11.81029.9 p=b.

% Back to N: 32.3+19.9 63.2 £ 20.5 30.9+21.7 <0.001

Emotional 30 (5 -80) 65 (30 —90) Cl: 18.8 t0 42.9 P<Y.




Significant increases in blood flow after 40
HBOTs, p<0.001/voxel




Results of LSU Pilot Trial

B [n one month of HBOT:
® Significant improvement in symptoms
® 15 point increase 1n full scale 10

® Significant increase i cognition
® 30% decrease in PTSD; 8/14 no longer met criteria for PTSD

® 51% reduction 1n depression
® 38% reduction 1n anxiety
® PBNR (cog., phys., emot.) +33-90%

® 64% on psychoactive meds decreased or D/C’ d medication, 1/9
increased analgesic medication

® Significant improvement SPECT brain blood flow after 1 and 40
HBOTs

Harch, et al. J Neurotrauma, 2012:29(1):168-185.




Conclusions: HBOT in
TBI/PTSD in Veterans

This study

This study
experience 1n chronic TBI.

Limitation: This study has , however:

on the first 15 subjects shows that 50-75% of the
measured improvements would have to be due to a placebo effect to lose
significance of the findings.

with known




Wolf, et al: U.S. Air Force Trial

B “Single-center, double-blind, sham-controlled”
® 50 military service members, transported to San Antonio
® > 1 combat-related mTBI

® 2.4 ATA oxygen/90 or 1.3-1.2 air/90, 30 Rxs, with two 10
minute air breaks, once/day, 5d/1d off, over 8 weeks.

(Where did this protocol come from?)

® ImPACT and PCL-M measured weekly and 6 weeks post
treatment. Multiple other ouctome measurements.

® Only symptom portion of ImPACT and the PCL-M
reported.

Wolf, et al. J Neurotrauma, 2012; 29:2606-2612




U.S. Air Force Trial

B “Results:”

& No significant difference post-Rx means on
ImPACT or PCL-M between groups.

® ImPACT total and PCL-M composite scores

each showed significant improvement within
groups.

Conclusions:

“HBO, at 2.4 ATA pressure had no effect on post-
concussive symptoms after mild TBI.”

Wolf, et al. J Neurotrauma, 2012; 29:2606—2612




[et’s look at the data:

PCL Composite Scores Over Time

W Control

M Investigational




[et’s look at the data:

ImPACT Total Scores Over Time

m Control

M Investigational

Figure 2




U.S. Air Force Trial

BMore Accurate Conclusion based on
the scientific definition of HBOT:

B This 1s a comparative dosing study
BU.S. war veterans with PPCS with or

without PTSD experienced significant
improvements in PPCS and PTSD

symptoms with two different doses of
HBOT.

Wolf, et al. J Neurotrauma, 2012; 29:2606—2612




Wolf, et al: U.S. Air Force
Trial/Scorza Subset Analysis

B “Single-center, double-blind, sham-controlled”-Wolf
study, 50 subjects, mTBI/PPCS:

B Subset 1: PTSD screen “positive”, PCL-M > 50. + TBI

B Subset 2: PTSD screen “negative”, PCL-M <45. + TBI
B Analyze:

B Subset | for decrease in PCL-M (> 10 point reduction clinically
significant).
B Subsets 1 and 2: ImPACT (Immediate Post-Concussion

Assessment and Cognitive Testing) symptom scores pre/post
HBOT

Scorza, et al. UHMS ASM, 2013, oral presentation;abstract C27,




Wolf, et al: U.S. Air Force
Trial/Scorza Subset Analysis

B Results:
B Subset 1, PTSD + PPCS: Change in PCL-M scores

Subset 1: PTSD |Subset 2: PPCS
+ PPCS

Improved Not
Impr/W

T |Subsetl: PTSD+PPCS | Subset2: PPCS

“Sham” “Min. diff. between groups” mmm

HBOT “trend toward harm”
HBO'T 1O/ 13, /7% !/
3/13, 33%




Wolf, et al: U.S. Air Force
Trial/Scorza Subset Analysis

B Conclusions:
B HBOT might be efficacious for PTSD symptoms.

B In patients with PPCS “improvements during HBO
may be secondary to treatment of concomitant PTSﬁD,

B Consistent w/ Harch, et al effects of HBOT on
combined PPCS and PTSD.

Scorza, et al. UHMS ASM, 2013, oral presentation;abstract C27,




DARPA Cifu Navy Study
J Head Trauma Rehabil

B “Single-center, double-blind, sham-controlled”

® 60 military service members, transported to
Pensacola.

& > 1 combat-related mTBI

® 3 Groups: 2.0 ATA pressure/.21,
, or 2.0 ATA oxygen/60, once/day, 40
Rxs over 10 weeks.

® Rivermead PCS Questionnaire and PCL-M pre and
immediately post treatment, with multiple other
outcome measures; only RPCSQ and PCL-M
reported.

Cifu, et al. The Effect of Hyperbaric Ox %en on Persistent Postconcussion Symptoms. JHTR,
2(;,1 ; 29:2606-2612




DARPA Cifu Navy Study
J Head Trauma Rehabil

B Results:

B “Between-group testing: no significant differences

on individual or total scores on the PCL-M or
RPCSQ.

B Within-group testing: significant differences on
several individual items for each group and 2.0 ATA
oxygen group for PCL-M.

Cifu, et al. The Effect of Hyperbaric Oxygen on Persistent Postconcussion Symptoms.
JHTR, 2012; 29:2606-2612




DARPA Cifu Navy Study
J Head Trauma Rehabil

B Results:

O,/Press. | PCL Pre |PCL Post RPQ-16
(Total) Pre

21/2.0 45.14
1.5/2.0 44.67

2.0/2.0 49.39

a. p= .05 (significant)

Cifu, et al. The Effect of Hyperbaric Oxygen on Persistent Postconcussion Symptoms. JHTR, 2012; 29:2606-2612




DARPA Cifu Navy Study
J Head Trauma Rehabil

B Conclusion:

B “HBO, at either 1.5 or 2.0 ATA equivalent had no effect on
PCS Sx after mTBI compared with sham compression.”

B What about the PCL-M (PTSD) results in the 2.0 ATA
oxygen group? Significant change. Not in the title, abstract
conclusions, or conclusions of the main article.

B Essentially,
setting of combined PPCS + PTSD.

1n the

Cifu, et al. The Effect of Hyperbaric Oxygen on Persistent Postconcussion Symptoms. JHTR, 2012;
29:2606-2612




DARPA Cifu Navy Study-

2nd Publication: Neurorehab & Neural Repair

B “Single-center, double-blind, sham-controlled™
® Same study as JHTR article

& Outcomes: computerized posturography, multiple
neuropsychological tests.

® Results: No immediate postintervention beneficial effect
of 1.5 or 2.0 ATA O2 compared with the Sham Air
intervention.

& Conclusion: Do not support the use of HBO, to Rx cog.,
balance, or FM deficits asso. w/mTBI and PCS.

Walker, et al. Randomized, Sham-Controlled, Feasibility Trial of Hyperbaric Oxygen for Service
Members With Postconcussion Syndrome: Cognitive and Psychomotor Outcomes 1 Week
Postintervention. Neurorehabil Neural Repair June 2014 vol. 28 no. 5 420-432




DARPA Cifu Navy Study

Neurorechab & Neural Repair

[.et’s have a look at the
data. Statistical analysis

done differently from the
first publication on the
same study and the Wolf, et
al study

Walker, et al. Randomized, Sham-Controlled, Feasibility Trial of Hyperbaric Oxygen for Service Members
With Postconcussion Syndrome: Cognitive and Psychomotor Outcomes 1 Week Postintervention. Neurorehabil
Neural Repair June 2014 vol. 28 no. 5 420-432




DARPA Citu Navy Study

Neurorechab & Neural Repair

® 165 outcome measurements done on 55 different tests, 110

p values.

® ANOVA calculated for each test comparing the 3 different
groups before and the 3 different groups after treatment.

® 106 of 110 ANOVA p val

lues significant

& NO within group or between group comparisons on

Treatment Effects.

&® Essentially, NO TREATMENT EFFECTS WERE

REPORTED!




DARPA Citu Navy Study

Neurorechab & Neural Repair

® What happened?
® Let’s take a look:

Table |. Psychomotor Cutcomes.

Precompression Postcompression
Measure n Mean sD P Mean sD P
Grooved Pegboard: dominant
Sham Air 20 663 8.7 A5 &7.5 1.5 A0
20 ATMO?2 |8 664 10.0 &68.0 12.6
1.5 ATMO2 20 722 |2.9 70.4 13.9
Grooved Pegboard: nondominant
Sham Air 20 T0.7 9.7 54 TL5 1.5 56
2.0 ATMO?2 |8 70.1 1.0 68.0 13.7
|.5 ATMO?2 20 743 | 5.7 7.5 13.8
YOT Composite
Sham Air 21 79.1 7.0 A7 710 9.5 42
2.0 ATMO2 |7 80.7 98 20.8 13.7
1.5 ATMO2 19 764 10.2 757 12.5




DARPA Cifu Navy Study

Neurorechab & Neural Repair

Some tests appear to have significant change between groups

15 ATA

Sham Air J29*
2.0 ATA

1.5 ATA

Sham Air 037"
2.0 ATA
1.5 ATA

Sham Air Jons*
2.0 ATA
1.5 ATA

Sham Air A6
2.0 ATA




DARPA Cifu Navy Study

Neurorechab & Neural Repair

Other tests show unidirectional improvement for all groups

PASAT 2.4 Second

Sham Air

2.0 ATMO2

1.5 ATMO2
PASAT |.6 Second: discontinuance rate

Sham Air

2.0 ATMO2

1.5 ATMO2
PASAT |.6 Second

Sham Air

2.0 ATMO2

.5 ATMO2
PASAT |.2 Second: Discontinuance
Rate

Sham Air

2.0 ATMO2

.5 ATMO2
PASAT |.2 Second

Sham Air

2.0 ATMO2

1.5 ATMO2
BYMT-R Discrimination

Index
Sham Air
2.0 ATMO2
1.5 ATMO2




DARPA Cifu Navy Study

Neurorechab & Neural Repair

Other tests show unidirectional improvement for all groups

BYMT-R Discrimination
Index

Sham Air
2.0 ATMO2
1.5 ATMO2

BVMT-R Standard

Discriminati | pre Deviation
on Index

“Sham air” 5.6
2.0 ATMO2 5.8
1.5 ATMO2 5.8




DARPA Cifu Navy Study

® True Conclusion:
® Odd statistical analysis.

® Within group between group treatment effects not
measured.

® Variety of changes on tests per group and unidirectional

changes for some tests.

&® Data suggests different effects of different doses of
HBOT.

® Hard to draw conclusions from the study.

® Assume the three doses have neutral effects on cognitive,

balance, or fine motor deficits 1n subjects with mTBI
PPCS.

Walker, et al. Randomized, Sham-Controlled, Feasibility Trial of Hyperbaric Oxygen for Service Members With Postconcussion Syndrome:
Cognitive and Psychomotor Outcomes 1 Week Postintervention. Neurorehabil Neural Repair June 2014 vol. 28 no. 5 420-432




DARPA Cifu Navy Study

31 Publication: Annals of Neurology

B “Single-center, double-blind, sham-controlled”
® Same study as JHTR and NNR article

® Outcomes: RPCSQ, functional, cognitive, & psychomotor
outcomes at 3 months post treatment.

® Results: The interaction of time by intervention group was not
significant for improvement on the RPQ-16. Nor was there
evidence of efficacy on the RPQ-16 for any subgroup. No
significant time by intervention interaction was found for any

functional, cognitive, or psychomotor secondary outcome measure
at an unadjusted 0.05 significance level. TRANSLATION:
HBOT DID NOT WORK.

Cifu, et al. Hyperbaric oxygen for blast-related postconcussion syndrome: three-month outcomes.
Ann Neurol. 2014 Feb;75(2):277-86.




DARPA Citu Navy Study

Annals of Neurology

®Conclusion: “ Using a randomized control trial
design and analysis including a sham, results
showed no evidence of efficacy by 3 months
post-compression to treat the symptomatic,

cognitive, or behavioral sequelae of PCS after
combat-related mTBI.”

SLET’S TAKE A CLOSER LOOK!

Cifu, et al. Hyperbaric oxygen for blast-related postconcussion syndrome: three-month outcomes.
Ann Neurol. 2014 Feb:75(2):277-86.




Another odd statistical
analysis, different from

TABLE 2. Explanatory Variable Main Effects on

Rivermead Post-Concussion Questionnaire-16

the original Wolf study Explanatory Variable FRatio P
and the first publication (dfl, df2)
on this study.
Time 0.9 (2, 55.5) 0.426
The F Test = Intervention group 0.5 (2, 47.2) 0.590
Blast exposure 2.6 (1, 4820  0.112
Variance between Rx PTA 4.8 (1,484) 0033
Variance within Rx LOWC 0.9 (1, 48.1)  0.350
PTSD 7.3 (1, 485)  0.009"
Essentially there 1s no Injury clapse 2.4 (1, 48.3) 0.131
comparison effects of Alashol use 1.5 (1, 129) 0.219
“sham” to the other Age 0.0 (1, 50.1) 0.925
groups. Previous head injury 0.0 (1, 48.1) 0.937
http://en.wikipedia.org/wiki/Analysis McGill 33.4 (1,143) <0001
of variance#The F-test WTAR 1.2 (1,119) 0.278
TOMBMM 0.1 (1, 47.7) 0.730




TABLE 3. Hypothesis Tests for the Treatment =
Time Interaction for the Seco ndary Outcomes

Predicor F-Ratio p
A, 40
RP()-3 0.7 (4, 64.0) 0.592
RP()-13 1.0 (4, 63.8) 0.400
Mayo 0.6 (4, 62.8) 0.702
Balance, SOT 1.0 (4, 58.9) 0.443
WALS 1.8 (4, 59.4) 0.141
Trail- Making B 0.7 (4, 64.9) 0.621
Stroop 0.6 (4, 60.2) 0.664
CPT-II 0.6 (4, 60.9) 0.685
CVLT Long Delay 0.8 (4, 63.1) 0.523
Free Recall
PASAT 1.4 (4, 52.9) 0.256
BVMT Delay Recall 0.5 (4, 62.3) 0.753
COWAT 1.6 (4, 64.1) 0.197
Grooved Peg Board 0.5 (4, 47.5) 0.72
SWLS 0.5 (4, 61.2) 0.751
Depression, CESD 0.5 (4, 63.8) 0.767
GOSE 0.8 (4, 57.7) 0.503




DARPA Cifu Navy Study

Annals of Neurology-Results Section:

Although not relevant to assessing intervention efficacy,
some secondary outcome analyses did show significant
effect(s) with 1 or more explanatory variables similar to the
primary outcome. The following secondary measures

demonstrated statistically significant changes irrespective of
treatment. Improvements were shown on (at
12weeks), (at 2 weeks), (at 2 and 12 weeks),
(at 12 weeks), and (at 2 and 12 weeks),
whereas (at 2 weeks).
No significant changes were noted on any of the other
secondary outcome measures. Complete results of the effects
are shown 1n Supplementary Tables A1 to A17. Let’s See!




DARPA Cifu Navy Stud

Annals of Neurology
Supplementary Tables Al to A17

(a separate download).

v Baselme measurements were lower than the 2 week (¢=0.49, SE=0.21, 95%CI=0.07,090)
and 12 week (¢=0.78, SE=0.21, 95% CT: 036, 1.20) meastrements

That means that memory improved with
Treatment (1.5 and 2.0 ATA?)

Table A6: WAIS-IIT Working Memory Index

Predictor F-ratio(df1, df2) P

Time 6.8 (2, 52.8) 0.002
Treatment 20(2,39.1) 0.145
Blast Exposure 3.5(1,41.5) 0.067
PTA 0.0(1, 40.3) 0.995
LOC 0.3(1,40.7) 0.605
PTSD 2.7(1,42.1) 0.106
Imury Elapse 14(1,249) 0.245
Alcohol Use 0.8 (1. 138) 0.367
Age 0.0(1,423) 0.989
Previous Head Injury 0.1 (1, 39.7) 0.742
McGall 15(1,119) 0222
WTAR 11.3 (1, 108) 0.001
TOMM 1.2(1,404) 0279
Time*Treatment 1.8(4,594) 0.141




DARPA Cifu Navy Study

Annals of Neurology
Supplementary Tables Al to A17

Same findings for
. Trails B
. CVLT Long Delayed Recall (Delayed
Memory)
. PASAT 2.0 second pacing (sustained auditory attention)

. BVMT Delayed Recall (Visual Delayed Memory)

. COWAT Letter Fluency (Verbal Fluency)

Essentially, 6 cognitive tests showed improvement at 3 months
(irrespective of group. ? Participation effect? Delayed HBO effect?)




DARPA Cifu Navy Study

Annals of Neurology

So, of the Cifu Annals of Neurology
paper?

By the data, and the

TRUE CONCLUSION:

Cifu, et al 1s a multidosing study of 3 doses of hyperbaric therapy
in which the statistical analysis renders it impossible to tell if there
was any treatment effect of any dose of hyperbaric therapy.
Treatment compared to “sham” was not done.




Boussi-Gross Israeli Study

® 56 civilhan mTBI PPCS, 1-5 years post injury (avg. ~2.8
yI1S.)

® Randomized, crossover (control group)-everyone gets
HBOT.

® No Sham pressure group.
&

& “Mindstreams” computer cognitive testing, QoL, SPECT,
pre, immediately post control and Rx.

Boussi-Gross R, et al. (2013) Hyperbaric Oxygen Therapy Can Improve Post Concussion Syndrome Years
after Mild Traumatic Brain Injury - Randomized Prospective Trial. PLoS ONE 8(11): €79995.




Boussi-Gross Israeli Study

* Results:
¢ Significant improvement in cognitive function and QoL in both
groups following HBOT.
¢ No significant improvement following control period.
s SPECT revealed clevated brain activity in good agreement with
the cognitive improvements.

¢ Conclusions:
s+ HBOT can induce neuroplasticity leading to repair of
chronically impaired brain functions and improved QoL in
mTBI patients with PPCS at late chronic stage.

¢ Implied conclusion: 1s beneficial in civilian

PPCS.
Significant dropouts: 7/31 i Crossover Group, 4/36 in HBOT, for a

variety of reasons. Additional dropouts not accounted for in final tally.

Boussi-Gross R, et al. (2013) Hyperbaric Oxygen Therapy Can Improve Post Concussion Syndrome Years after Mild
Traumatic Brain Injury - Randomized Prospective Trial. PLoS ONE 8(11): €79995.




Miller, et al, MRMC Multi-Center Trial:
vs. Sham vs. Routine TBI Care

® Military subjects, PCS > 4 mos. post TBI , RCT.

® 4 sites: Fort Carson, Camp Lejeune, Camp Pendleton and Fort
Gordon

® HBOT Dose:

&

, 10 weeks, + TBI care

“Sham:” 1.2 ATA air/60 min X 40, 10 weeks, + TBI care
“Comparator:” Routine TBI care

Outcomes: measured pre and post HBOT & at 10 weeks.
Primary: 2 point change on RPQ-3., secondary: NSI +

® PTSD Symptoms: PCL-C (self-report questionnaire)
Sleep, pain, depression and anxiety symptoms
QoL questionnaires.
Neurologic exam
ANAM (automated cognitive function battery)
Cognitive Test Battery

Miller, et al. JAMA Intern Med. Doi: 10.1001/jamainternmed.2014.5479



Miller, et al, MRMC Multi-Center Trial:
1.5 ATA HBO, vs. Sham vs. Routine TBI Care

® Results: Intention to Treat Analysis

® Change Scores, within group:

RPQ-3 Change Y% meeting2 | No p value comparison
pointchange | ¢ «sham” or HBO to

Control. Only compared
HBOT -1 : “Sham” to HBO (p=.24)

Control

“Sham”

P for NSI: “These change scores
were not significantly different
Control  -.5 91 . 9. (p = .49). No within group p values
as done for RPQ. P for PCL: nop
e 003 values; “PTSD Sx improved, favor-
“Sham” -7.0 .02 - 6. ing sham over HBO group.’

“Favorable change scores on the total RPQ were higher for the HBO group (?) but no difference
between the HBO group and the sham group was observed (p=.70)”




Miller, et al, MRMC Multi-Center Trial:
1.5 ATA HBO, vs. Sham vs. Routine TBI Care

®Results: Intention to Treat Analysis

® “Patient reported outcomes of depression, general
anxiety, pain, sleep, ...health-related QoL... improved
favoring the “sham” group over the HBO group” for
nearly all measures.

® ”No statistical differences were observed between the 2
treatment groups at baseline or on change from

baseline scores 1n any of the cognitive testing
measured by the ANAM...”

®Let’s look at a representative example
of the rest of the data:




Slides courtesy of Col. R. Scott Miller, M.D.

Health Related Quality of Life

Short Form 36 Health Survey
Change from Baseline — Health Concepts (ITT)

Physical Fan ctionin M

Role Plhysica | —

Bodily Pain _ | —

ral Health Perceptions

Vitalr’”;

Social Functionin e ——— e —|
E  —

|
E |otiona||'
Mental Health h
‘ E—

-10

-5 0 5 bl 10 15
Unfavorable Favorable

HBO2 M Sham M Local Care

- Also no difference between HBO2 and sham on
Satisfaction with Life Scale with both showing
modest improvement




Summary by Authors, Miller, et al:

* In this study, standard local care offered no improvement
during the 3 month observation period

* Randomization to the chamber (either sham or placebo)
offered statistical and in some measures clinically

significant improvement over local routine TBI care
* “This explains the anecdotal findings reported.”

* “Hyperbaric oxygen at 1.5 ATA for 40 sessions”
offered no statistical benefit over sham in

immediate relief of PCS symptoms .”
* “Observed improvements were not oxygen-mediated, but may
reflect non-specific improvements related to placebo effects.”
(The ritual” argument).




However,

® Results:
on measure for

1n outcome all

& Conclusions:
®

(Belief System Argument).

& If the Belief System Argument why did the placebo and ritual
in the Cifu studies not produce the same positive data? Suggests
effects of different doses.

Miller RS. JAMA Intern Med. Doi: 10.1001/jamainternmed.2014.5479, 11/17/2014.
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Full Data of LSU Pilot Trial: 30 subjects, 1 droBout
Data analysjs on 29 subjects: 26 with TBI
29 matched controls for imaging portion
6 month phone fuIIowu

Results using protocol we devel Sped in 1990:

/PTSD, 3 TBI

1. Significant Improvement: PEX, cognition,

affective measures SPECT.
2. Reductlon in choactive medlcatlon use.
3. Abnormal SP C compared to controls.
4. 75% normalization of abnormal SPECT
ROIs post HBOT.
5. 52% of subjects no longer met PCL-M criteria for

PTSD
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Table 3: Symptoms of mild traumatic brain injury
persistent post-concussion syndrome with or without
post-traumatic stress disorder before, immediately, and 6
maonths affer treatment

Six Month
Fanking of Before HBOT Follow-up
subjects’ symptom=z (% of 55 (%0 of 5z
(53) Reporting) “Better”™)

Thinkng/cognition

Low enegy Six month follow-

Headache . . up: Further im-

Depreszion i g .
Mood swings : s provement in SX.

Short-term memory
loss

Sleep disruphion
Short temper
Imbalance
Decreased heanngz
Speach problems
Tinmytus
Hl:-t-:q:]:ui:ria

2B R eSS B S 8

o

—
K
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Table 4: Summary of pre- to post-HBOT neuropsychological and psychological outcomes

Ttem

Pre-HEOT

Post 40 HBOT:

Change

P-value (95% CT)

WAIS-IV Full Scale IQ)

WAIS-TV Delayed menscory
TWATS-TV Working memory

57013 6, 98 (66— 126)
94 0+16.0, 94 (67 — 125)
96.3:15.4, 94 (67— 131)
900182, 86 (63 — 146)

69.5:79.4. 69 (40 — 109)
86.3+24.7, 90 (40 — 123)
95.1+26.5, 90 (40 — 156)
66.3:29 8 47 (40— 135)
£1+34 8(0-14)

90.2+15.0, 92 (55— 118)
£8.9+16.9, 91 (40— 118)

BT.7+17.8, 88 (55— 124)
£5.5+19.9, 86 (40 — 120)
13.446.0, 14 (1-21)
16.5+6.2, 18 (2—27)

112199, 112 (92 — 129)
109.2+17.0, 107 (80 — 153)
107.6£15.0, 105 (80 — 136)
100.9:14.5, 99 (67— 136)

77.5+78 6, 91 (40 — 109)
982472 7, 107 (40 — 119)
98 6+72 3, 103 (43 — 159)
749476 6, 80 (40 — 127)
72439 7(0-16)

96.7+14.6, 98 (55 — 130)
93.3£20.2, 94 (40 — 130)

98 9+15.9, 98 (65 — 129)
£9.7:18.5, 91 (40 — 118)
80251, 7 (0-21)

B6:5.6,8(0-22)

142+103, 15 (9 —47)

15.2+13.9, 17 (-19— 38)
113105, 10 (15 —32)
10.9+12.2, 10 (10— 39)

80278, 0 (62— 61)
119202, 8 {25 — 60)
35:182 5(-32-43)
86753 8 (70— 48)
_09+46,-1(-14_8)

6.4216.0, 5 (—20 - 68)
45:147,1 (-18-5T)

11.2:13.9, 9 (-14 -33)
422136, 3 (—30 - 36)
54459 5(-14-4)
79468, -T(-21-3)

P=0.001 (104 — 18.0)
P=0.001 (10.0 — 20.4)
P<0.001 (7.4-15.2)
P=0.001 (6.3 -15.5)

P=0134(-24-184)
P=10.004 (4.4-19.4)
P=0312(-33-103)
P=0078 (08— 180)
P=0324(-26-08)

P=0.040 (0.4 -12.4)
P=0.111{-1.0-10.0)

P=0.001 (6.0 - 16.4)
P=0.105(-09-9.3)
P=0.001 (7.6 to —3.2)

P=0.001(-10.4 to -5.4)

634159, 68 (21 — 84)
37.0+9.2, 39 (14— 52)
7939, 74 (3 — 162)

46 8+16.5, 46 (17— 81)
23512 1, 23 (0 — 49)
10842, 117 (22 — 166)

_16.6+16.2, —16 (—54 — 10)
_13.5+10.4, 13 (-38—12)
28+32, 24 (—37 - 96)

P=0.001 (-22.6 to -10.6)
P=0.001 (-17.4 to 9.6)
P=0.001 (16.1 - 39.9)

483+19.6, 50 (0 —83)
45.8+73.0, 45 (0 - 90)
32 8+20.7, 30 (0 - 90)

68.7+19.2. 75 (30— 95)
66.5:18.9, 70 (20— 95)
63.8+71 7, 70 (20 — 98)

204+174, 15 (-10— 50)
20.7+16.2, 20 (-10— 55)
31.1+18.9, 30 (5 80)

P=0.001 (13.9 — 26.9)
P<0.001 (14.7 - 26.7)
P=0.001 (24.0 -38.2)




SPECT Analysis

17 [Total

0 0
Bin width: s — 2 Bin width: s — 25

LARGE ROISAMPLE PRE-HEOT LARGE RO I SAMPLE POST IHR-HEDT

Area: 11.373 cm2 Area: 11.373 cm2

Mean: 1012111 SDev: 158.135 Sum: 536419 Mean: 722368 SDew: 75,902 Sum: 387912
Min: 725757 Max 1441.750 Min: 553 789 Max 959 444
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Table 7: Gomparison of veterans’ brain blood flow and texture of brain blood flow to Gontrols before, after 1. and after
40 HBOTs.

Mean counts‘pixel (MCF) Coefficient of Variation (CV)

Region of

interest

Pre

Post 1

Post 40

Pre

Post 1

Post 40

Left Gray 030
Left Gray 060
Left Gray 090
Left Gray 120
Left Gray 150
Left Gray All
Left White 060
Left White 120
Left White All
Right Gray 030
Right Gray 060
Right Gray 090
Right Gray 120
Right Gray 150
Right Gray All
Right White 060
Right White 120

Fight White All

0374
(-218-83)
0251

(248 - 56)
0.640

(188 _ 116)
0.441
(-214-95)
0.562
(-229-125)
0.428
-214-92)
0.104
~127-22)

(= Q074 232 -

m
(=) 0.083
(=228 - 14)
0457

(=215 -98)
0.128

(~284 - 36)
0314
231-79)
0.165

(=253 —44)
0376

(-224 - 86)
0253
-237-63)
(=) 0.075
(-233_12)
() 0.027
(-267 to -17)
(-) 0.037
(-244 to -5

0.775
(165 - 124)
0.491
(192 - 93)
0.629
(-107 - 176)
0.785
(127 - 16T)
0.890
(~140 — 161)
0.988
(-141 - 139)
0.410
{—?'U 153)

fi?”ﬁ‘”’

u ?24
175122
0.360
(211 - 78)
0.783
157-119)
0.724
(-169 - 118)
0.666
-182-11T)
0.628
(~174 - 106)

%7 /}2‘7 v
*:4243—44/ v

0.175
(=256 - 48)
0.134
(=277-38)
0.658
(-196-129)
0173
(24571
0510

(224 -112)
0.304

(=236 -75)
0336
(198 —65)

0219
( 265 —62)

0331
(-247-85)
0.268

(=263 -75)
0.508
(=227-114)

//_::"/.

0.647
(-052-083)
0.708
(-0.54-0.79)
0.310
(-132-043)
0.783

(-0.76 - 0.58)
(=) 0.041
(0.03 — L5
0.594
(-030-051)
0.427
(-080-187)
(=) 0.013
(0.29 — 2.36)
(=) 0.043
(0.03 - 1.82)
0.891
(-0.50-05T)
0.959
(-0.65-0.62)
0.190
(-022-1.07)
0.175

(-020 - 1.08)
(=) 0.005
(0.29 - L.53)
() 0.012
(0.08 — 0.64)
(=) 0.010
(0.39 — 2.68)
(=) 0.002
(.61 — 1.535)

G

0.223
(-1.10-0.26)

(-1.24—0.18)
r

0.291
(-0.81-029)
0.149
(-1.08-0.17)
0.718
(-0.55-0.79)

sy A
o
0864

(-1.14-133)
Dﬂﬂ-ﬂ *’,/ /0638 x’

deéer /—“ s /

0.445

,-f{_uss 0.38)

/0176
% (-133-029)
0.347

(-1.14-0. 41)

AR {_, P

5207

0.183
{—0.68 —0.13)

0.997
(-128-128)

ua?n
(-0.77-0.29)
0.174
(-1.03-0.19)
0.121
(-0.14-1.16)
0.186
(~0.19 - 0.94)
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Figure 2: Radar graph of left (A) and right (B) hemizphere.
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Conclusions :
Significant improvements in PPCS and PTSD symptoms, physical
exam abnormalities, cognition, depression, anxiety, quality of life,
and brain blood flow.
Further symptom improvement after 6 months.
Compared to Controls: brain blood flow abnormal and nearly
statistically indistinguishable from Controls after HBOT.
Blood flow abnormalities and improvements in blood flow after
HBOT were in the white matter, the primary site of TBI.

Significant reduction in anxiety: 52% no longer met criteria for
PTSD.

Significant reduction in




BIMA: Weaver, et al. UHM,
2018;45(2):129-156

® RCT: 71 U.S. military subjects with PPCS 3 months-5 years
post TBI

® Rx: multiplace at 3 sites: Washington, Ft. Carson, Camp
Lejeune. Assessments done at local sites, but most at
Colorado Springs Assessment Center.

® HBOT: /12 weeks
® “Sham:” 1.2 ATA/60 air x 40/12 weeks.

Outcomes pre, 1 week post Rx (13 weeks), 3 months post Rx,
and 9 month phone followup:

® Sx, neuropsychological testing, neurological, electroencephalo-
graphy, sleep, auditory/vestibular, electrocardiography, vision,
neuroimaging, and laboratory measures.




BIMA: Weaver, et al. UHM,
2018;45(2):129-156

Results: massive data.

NSI: HBO2 group had improved 13-week scores (mean
change -3.6 points,P=0.03) compared to sham (+3.9 points).

NSI in patients with PTSD: change with HBO2 was more
pronounced (-8.6 vs. +4.8 points with sham, P=0.02).

PTSD symptoms improved in HBO2 group, and more so in
the subgroup with PTSD.

Improvements regressed at 3 and 9 months post treatment.




BIMA: Weaver, et al. UHM,
2018;45(2):129-156

HBO2 improved some cognitive processing speed and sleep
measures.

HBOZ2 improved functional balance and reduced vestibular
complaints at 13 weeks in patients with PTSD.

Conclusions:

HBO2 at 1.5 ATA improved PCS and PTSD symptoms,
cognitive processing speed, sleep quality, balance function,
most dramatically in those with PTSD.

Changes did not persist beyond three months post treatment.




BIMA: Weaver, et al. UHM.
NSI: All subjects

Neurobehavioral Symptom Inventory Total Score
Waterfall Plot of Change Scores
BIMA (N = 71)

6 Months

T T 1 i T 1 ¥ T T T T T T T T 1 T T
60 40 -20 0 20 40 60-60 40 -20 0 20 40 6060 40 -20 O 40 B0

Change from Baseline Score
I Hyperbaric Oxypen B Sham * Missing data




BIMA: Weaver, et al. UHM
NSI: PTSD Subjects

Neurobehavioral Symptom Inventory Total Score
Waterfall Plot of Change Scores
BIMA: PTSD Group Only (N = 35)

& Months

Participant Number

T I i T i T i | T
40 6060 40 -20 0 20 40 60-680 -40

Change from Baseline Score
B Hyperbaric Oxygen B Sham % Missing data




BIMA: Weaver, et al. UHM. Additional Outcomes

BIMA Total Group (N=71)

Baseline to 13 Weeks Baseline to & Months Basaline to 12 Months

BIMA PTSD Group Only (N=35)
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Harch, et al, LSU RCT: IRB #7381
HBOT 1in Chronic mTBI/PPCS

1. Protocol:
a. 18-65 y.o., civilian or military.
b. Blunt or blast mTBI {ACRM definition: any LOC (< 3
0 minutes), any loss of memory before or after the accident

(< 24 h), any alteration in mental state (GCS 13-15 thirty
minutes post TBI), focal neurological deficits}.

. mTBI at least 6 months old, after 9/11/2001.

. Post-concussive symptoms develop in 4 weeks and be
continuously present.

e. NSI>22.




LLSU RCT: IRB #7381
HBOT in Chronic mTBI/PPCS

1. f. Headache as a symptom.
g. DSM-IV criteria for post-concussional disorder:
1. h/0 head trauma with concussion.

i1. Attention or memory deficits on cognitive testing.
111. > 3/8 symptoms from shortly post concussion for > 3

months: easy fatigue, disordered sleep, headache,
vertigo/dizziness, irritability, anxiety/depression/affective
lability, change in personality, apathy. Sx occur post
concussion or are a worsening of pre-existing

symptoms, causes significant impairment/decline in
function, and don’t meet criteria for dementia or another
mental disorder.




LLSU RCT: IRB #7381
HBOT in Chronic mTBI/PPCS

1. h. Negative MAST, DAST, urine drug test, pregnancy test.
i. Stable on current meds and no change in meds or therapies
in previous 8 weeks.
. No cardiac arrest or shock at time of injury.
. Legally responsible for self.
Speak/understand English.

Otherwise good health.

Long list of medical exclusions: heart, lung, neurological
disease, claustrophobia, premorbid psychiatric disease,
participation in an active treatment experiment, other con-
founding medical conditions.

]

k

1

m. Able to sign consent forms.
n

0




LLSU RCT: IRB #7381
HBOT in Chronic mTBI/PPCS

2. Screening Procedure:

a.

Skype or in-person NSI, MAST, DAST, PCL, Ohio State TBI
Identification Method/Interview.

. Clinician Administered PTSD Scale if PCL > 50.
. 90 minute interview with P.I: detailed History.

. Travel arrangements/appointments.

. Enrollment

. Full neuropsychological test battery with effort testing

(TOMM and Green Word Memory Test).

. 2 hour History and physical exam by the P.I., NSI, and PCL.
. Randomization by Hamilton Depression Score (> 24, or < 24)

to immediate treatment group (TG) or 8 week control group
(COQG).



LLSU RCT: IRB #7381
HBOT in Chronic mTBI/PPCS

3. Treatment

a. HBOT, total treatment time,
qd, 5d/wk

for with Vitamins C, and multivitamin.

. Weekly side effects symptom questionnaire and NSI.
Complete retesting within one week post treatment for the TG
and at the end of the eight week control period for the COG.
Crossover of COG to HBOT for 8 weeks.
Retesting of COG post HBOT.
Retesting of TG and COG 8 weeks after 40 HBOT.

Urine drug testing after control, treatment, and 2 mo. F/U.

Pregnancy testing every 30d during HBOT.




LLSU RCT: IRB #7381
HBOT in Chronic mTBI/PPCS

Baseline screening and examination
Full psychometric testing- T1
(Stratification by Hamilton Depression Score)

l

Randomization

Group TG (HBOT)™
!

40 HBOTs™
!
Repeat testing- T2
(All measures)

!

Two-month non-Treatment

!
Repeat testing- T3
(All measures)

l

Group COG (Cross Over Group)
!
No change in current therapy
l
Repeat testing- T2
(All measures)
!
Crossover to HBOT™
!
40 HBOTs™
!
Repeat testing- T3
(All measures)

l

Two-month non-treatment

!

Repeat testing- T4
(All measures)




LLSU RCT: IRB #7381
HBOT in Chronic mTBI/PPCS

Screenin | Pre-Rx 2 mos. Post Rx

4. 'Test Battery: addressed 3 primary |[Feveeen

Screening
Checklist

deficit categories of PPCS: Sx, 0SU 151

Identification

Checklist

cognitive complaints, behavioral/ [&

CAPS
PCL-Mor C 4

emotional changes. (6 hours long). [wass

DAST
HAMD

a. Symptoms: measured by NSI HAMA

(FDA recommendation; used by |G v

WAIS-IV

NIH, DoD, VA). .

. Cognitive complaints: 5 category{ fom

Benton VRT

ical variables plus Rey AVLT Allemaie

Stroop CW

Delayed Recall, the ANAM 4.1, peowiees

forms

and the Benton Visual Recog. Plucney

Alternate

Test. R

PSQI
[0]0) 91:):31

XX XX X s XX




LLSU RCT: IRB #7381
HBOT in Chronic mTBI/PPCS

4. Test Battery:
b. Cognitive complaints: 5 categorical variables:
1. Working Memory Index: (WMS-IV Visual Working
Memory Index + WAIS-IV Working Memory Index)/2.
i1. Memory Index: (WMS-IV Immediate Memory Index +
Delayed Memory Index)/2.

111. Executive Function Index: ( t scores of Stroop Color-Word
Condition +FAS Test of Verbal Fluency + Animal Test of
Categorical Fluency)/3.

1v. Information Processing Speed Index: WAIS-IV

Processing Speed Index.
v. General Intellectual Ability: WAIS-IV Full Scale IQ.




LLSU RCT: IRB #7381
HBOT in Chronic mTBI/PPCS

4. Test Battery:
c. Behavioral/Emotional Changes: HAM-Depression Scale,

HAM-Anxiety Scale, QOLIBRI (Quality of Life after Brain
Injury), Pittsburgh Sleep Quality Index, PTSD Checklist.
d. NSI and Working Memory were co-primary outcomes
e. Alternate forms to minimize practice/test-retest effects.
f. Testing at 3 time points for TG and 4 for the COG.
Statistical Analysis
. General linear model comparing mean differences in NSI and
WM scores between TG and COG for Test 1 and Test 2.
. Paired samples t-tests for within group changes for all 14 tests.
. Chi-squared test of homogeneity for medication change and
PPCS Sx change between groups Test 1-Test 2.




CONSORT Diagram:
151 screened
63 enrolled
60 randomized:
31 HBOT, 29 COG
23 HBOT and 27 COG
completed post-HBOT

testing.

20 HBOT and 23 COG
completed two-month
follow-up testing (com-
pleted study).

Assessed for eligibility (n=151)

[ Enrollment ]

Enrolled (n=63): 3 not randomized:

Excluded (n=88)

+ Undisclosed neuro diagnosis >

+ Failed urine drug test

+ Failed effort on
neuropsychological testing

Y

+ Not meeting inclusion criteria (n=60)
« Didn't complete screening (n=28)

4

Randomized (n=60)

[ Allocation ]

I;

Allocated to intervention HBOT (n=31)

¢ Received allocated intervention (n=25)

+ Did not receive allocated intervention (n=6)

Unable to stay for immediate HBOT treatment
Unable to get time off work (2)

Unable to afford to stay fortreatment

Cancer diagnosis

Tested positive for THC

[T O ey

Allecated to Control (n=29)
+ Received allocated intervention (n=27)
+ Did not receive allocated intervention (n=2)
1. Unable to return from Canaday; first round-trip to
study site caused symptomatic deterioration.
2. Entered rehab for substance abuse relapse.

—

Follow-Up ]

Lost to follow-up (n=5)
1. Did not return for post-HBOT and two-month follow-up
testing (2).
2. Did not return for two-month follow-up testing (3).

Lost to follow-up (n=2)
1.  Did not return for two-month follow-up testing (2).

[ Analysis ]

Treated (n=25)

« 25 completed one co-primary outcome (NSI).

+ 23 completed both co-primary outcomes and post-HBOT
testing.

+ 20 completed two-month follow-up testing (full protocol).

Treated (n=27)
* 27 completed post-control and post-HBOT testing.
+ 23 completed two-month follow-up testing (full protocol).




Table 1. Demographic Variables at Baseline (Test 1)

Demographic Variables

Years Education

Number TBIs

In Lifetime

Time Index TBI

To enrollment (d)

Time Screen

To enrollment (d)

‘Word Mem Test

Consistency

‘Word Mem Test

Delay Recall

TG (23)

42.7 £10.7

29 (22 - 58)

14.0 £ 3.1

(8- 18)

108.7 £ 9.2

(88 —122)

43 6.2

(1 - 30)

1598.1 £ 1099

(194.0 — 1303.0)

845t 714

(16 —320)

494 += 1.5

(45 - 50)

92.6 £ 7.5

(77.5 - 100)

952 £5.9

(80 — 100)

COG (27)

423 £ 11.2

(22 - 60)

15.6 = 1.95

(10 - 20)

110.7 £ 6.59

(92 -121)

3.6 = 3.22

(1-15)

1748.6 = 1471.7

(234.0 — 4460.0)

60.5 £ 58.2

(17 -305)

49.9 + 0.77

(46 - 50)

90.5 %= 10.6

(60 — 100)

93.1 £94

(65 - 100)

DROP (12)

42.3 +10.8

(27 -59)

159 £ 2.6

(13 -20)

114.5 £ 5.37

(100 - 122)

3.6x34

(1-11)

1337.9 £ 1302.3

29 (21 -51)

51.1 = 17.7

(12 - 74)

50.0 = 0.0

(50 - 50)

90.6 = 6.0

(80 — 100)

93.5 = 7.94

(75 - 100)




Table 1. Demographic Variables at Baseline (Test 1): “Follow-up
analysis: no significance among any of the 3 pairs of

Word Mem Test 94.7 £ 6.6 92.6 = 7.98 93.8 £4.2

Immed Mem (77.5 - 100) (72.5 - 100) (85 — 100)

Sex 52.2% 63% 41.7%

% Female (12/23) (17/27) (5/12)

Race 95.7% 88.9% 91.7%

% Caucasian (22/23) (24/27) (11/12)

Blast vs Blunt 87.0% 92.6% 83.3%

% Blunt (20/23) (25/27) (10/12)

Civil vs Military 17.4% 18.5% 33.3%

% Military (4/23) (5/27) (4/12)

Loss of Consciousness % 73.9% 66.7% 83.3%

Yes (17/23) (18/27) (10/12)

Alcohol 65.2% 44.4% 66.7%

% Any use (15/23) (12/27) (8/12)

CAPS 47.8% 40.75% 66.7%

% Administered (11/23) (11/27) (8/12)

MRI brain 72.7% 59.3% 41.7%

% Normal (16/23) (16/27) (5/12)

Tobacco 73.9% 77.8% 66.7%

% No use (17/23) (21/27) (8/12)




Table 2. Outcome Variables at Baseline (T1)

OutcomeVariables

Working Memory

InfoProcessSpeed

WAIS-IVFullScIQ

ANAM Composite Score

TG (23)

39.0 9.6

37 (24 - 58)

103.5 = 12.2

103 (78 - 127)

101.7 £ 14.3

100 (75 - 127)

94.0 = 14.5

94 (62 - 117)

45.3 £ 8.8

44 (30 - 60)

105.6 = 12.3

108 (80 - 130)

-1.84 £ 1.0

1.72(4.2-0.2)

COG (27)

446 = 11.8

44 (21-67)

104.6 = 14.4

106 (79-131)

102.9 = 14.3

104 (72-107)

95.4 £ 15.0

97 (65-122)

48.1 £ 7.1

47 (37 - 64)

106.4 = 10.6

106 (89-128)

-1.6 £ 1.3

-1.3(-3.9-0.6)

DROP (12)

341 £9.1

34 (22 - 48)

109.2 = 10.9

106.3 (89 — 128)

97.8 £ 11.1

95.3 (79 — 124)

98.3 %+ 13.3

100 (71 - 122)

473 £ 79

47 (36 - 59)

106.9 = 10.3

107 (89 — 123)

-1.11 %= 0.87

1.2(-2.7-0.2)

p-value

TG v COG v Drop




P Sleep Quality Inv

Benton Vis Mem

#Correct

ReyAVLT

Delay Recall

PTSD CheckList

15.2 = 5.0

16 (6 - 24)

16.5 £ 7.9

17 (2 - 35)

40.3 124

40 (21 - 63)

119 £4.0

12 (5 - 19)

73 £ 1.5

8(4-10)

47.8 £ 14.0

50 (24 - 65)

379 £ 12.1

37 (20— 67)

14.4 = 7.5

15 (0 - 26)

15.8 £ 7.3

16 (4 - 31)

38.9 = 16.3

38 (8 - 85)

10.5 £4.9

11 2 - 20)

70x 1.9

8(3-10)

47.1 = 14.6

47 (25-67)

39.7 = 13.2

37 (19 - 68)

Table 2. Outcome Variables at Baseline (T1) *NsI was significantly different among
the 3 groups. COG and Drop groups were significantly different, but the TG and COG groups were not.

Quality of Life

15.8 X+ 8.6

15.5 (3 - 30)

17.5 = 10.4

17 (0-32)

423+ 16.9

40 (15 - 73)

12.3 £ 4.8

12(5-21)

72X 1.5

7.5(3-9)

41.3 %+ 9.3

42 (24 -57)

31.6 £ 9.5

32 (19 - 48)




Figure 3. Change in primary outcome measures and Memory Index of
TG and COG during first eight-week period of the study.

NSI <0.0001

Working : =0.431
Memory

Significant reduction in symptoms
Insignificant increase in working memory




Table 3. Effect of Pre-to-Post-HBOT™ Change for TG vs Pre-to-Post
Control Period for COG: Other outcomes

TG compared to Cog:
significant improvement in:

Memory Index (p=0.0067)
ANAM Composite score (p=0.0069),

Ham-D (p<0.0034)

Ham-A (p<0.0054)

QOLIBRI (p<0.0003)

Pittsburgh Sleep Quality (p=0.0024)
PCL (p>0.0001)
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6. Results
a. Compared to COG, TG had significant improvements in:
1. Sx (NSI)—a co-primary outcome.
i1. Memory Index and ANAM
111. Five additional variables.

1v. Overall 12/14 variables improved in the TG vs. 5/14 1n the
COG.
v. All eight PPCS definition symptoms while COG had
worsening in 5/8 during the Control Period.
b. COG improved nearly identically to TG when crossed
over and recetved HBOT.
c. At 2-month F/U (nearly 3 months) the two groups main-

tained or showed further improvement in 10/14 variables.




LLSU RCT: IRB #7381
HBOT in Chronic mTBI/PPCS

6. Results
d. By the end of the study both groups improved in 12 & 13/14
outcomes nearly identically.
e. Both groups completed HBOT in near-identical times (57.0
vs. 56.5 days).
f. “Two-month F/U” occurred in 79 and 80d for the two groups.

g. 87% completed 40 HBOTs, 96% completed at least 30 HBOTs.

h. No change in reduction in psychoactive medication use
between TG and COG during first 8 weeks, but trend for TG
(p —0.0785).

1. Both groups reduced psychoactive med use by 30-41%, but no
difference between groups during HBOT (p = 0.4492).

j. No difference NSI & PCL reduction, civilian vs. military.
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7. Complications:
a. 1 MEBT during an URI.
b. 1 perforated TM in a previously perforated TM.
c. Significant progressive fatigue with PPCS symptom exacerba-
tion in four subjects between 30 and 39 HBOTs.
1. Resolution in 2-4 weeks post termination of HBOT.

1. Interpreted as oxidative stress.

i11. Previously reported with higher doses of HBOT and
longer courses.

1v. Reported to FDA.

v. Modified consent.
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8. Limitations:

a. Crossover design: precludes post-control long-term F/U. Not
a major problem since natural history of PPCS 1s known and
identified during eight week control period.

b. Lack of blinding of subjects to allocation: Unavoidable. No
acceptable pressure control. Placebo effects refuted by
imaging in LSU Pilot Trial. ”Ritual” refuted by Cifu DARPA
study and imaging findings.

c. Non-blinding of subjects to the P.I and NSI administration:
accounts for some of the treatment effect, but does not explain
all of the non-symptom improvements collected by the blinded
neuropsychologist.

d. Number of dropouts, causing increase in n of the study.
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9. Discussion:

. Culmination of 30 years of investigation, including case series,
animal model, case-controlled pilot trial.

. Re-capitulated and reinforced results and
the results of others.

. Longest delay to treatment of any mTBI/PPCS study: 4.6 yrs.

. Improvement in headache ties the results to DoD study on
TBI/PTSD difference, primary Sx of TBI, surrogate marker
of TBI, all underscoring Rx of TBI, not just Sx.

. Significant results with just 50 subjects, only 23 in TG.

. Improvements in 3 month F/U: contrary to natural history of
TBI/PPCS and uncharacteristic of placebo effects. (20-76%

further improvement).
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Q. Discussion:

g. Global domain improvements ¢/w global imaging findings in
LSU Pilot Trial and Boussi-Gross studies.

h. Baseline memory testing for both groups that was in the
“normal” range was found to not be abnormal post treatment,

suggesting that the DSM-IV criteria for PPCS is erroneous.
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8. Conclusions:

a. 40 daily, 5d/week, 1.5 ATA/60 min. HBOTs to civilian and
military subjects with mTBI PPCS
4.6 years post mTBI resulted in significant improvements in
postconcussive symptoms, cognitive variables (e.g., memory,
cognition/speed of information processing), and
behavioral/emotional problems (anxiety, depression, PTSD
symptoms, sleep, and quality of life) compared to a randomly
assigned control group.

b. These improvements were duplicated in the crossover group.

c. In both groups improvements were sustained or improved in
most domains 3 months after HBOT, suggesting HBOT as a




Table 7. RPCSQ,* ImPACT,* and NSI? outcomes, civilian and military studies of
HBOT™ in mTBI/PPCS according to dose. dose in
bold. Negative numbers are improvement and positive numbers are worsening of Sx.

Dose of No chamber |1.2 ATA air 1.5ATA O2 |2.0 ATA/ |2.0ATA/ |2.0ATA |2.4ATA
hyper-baric |treatment 1.5ATA |02 (07
therapy

Harch 2017 -36%"

Wolf 2012

Cifu 2013
Miller 2014 |
Weaver 2018

Harch
(present

study)




Comparison to other mTBI/PPCS
studies-Durability of Improvements

. LSU Pilot Trial: further improvement in PPCS
symptoms 6 months post last HBOT.

. Wolf, et al Trial: further improvement in PPCS
symptoms 6 weeks post last HBOT.

. Harch RCT: further improvement or maintenance of

gains 3 months post last HBOT.

. Weaver/BIMA Trial: improvements regressed at 3 and
9 months post last HBOT.

a. Possible reasons: 70% of subjects at high risk for
sleep apnea.

b. Testing at altitude post treatment at sealevel for 2/3
sites (see Harch animal TBI study-Albuquerque).




Interpretation in terms of and remnforcement of
scientific definition of HBOT. Making sense of
confused science

1. HBOT 1s defined and understood as a dual-component
drug composed of increased barometric pressure and
hyperoxia that treat disease pathophysiology.

. The differences in data and conclusions of all of the
mTBI PPCS HBO studies are best explained by different
effects/outcomes of different doses of hyperoxia and
barometric pressure.

. This can be seen 1n symptom trajectories, headache
data, and symptom data.




Symptom Trajectory Data-

Wolf and Harch, et al

=150 kPa 02 NSI COG ~-130 kPa Air ImPACT -=-Control NSI COG
-+-150 kPa 02 NSI TG -+-240 kPa 02 ImPACT
50

TOTAL SYMPTOM SCORE

PRE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18




Reduction in Headache: Comparison to
other mTBI/PPCS studies

Study 1.3 ATA 21 0,/2.0 |1.50,/2.0 | 2.0 ATA 1.5 ATA 2.4 ATA
Air ATA ATA 0O, 0O, 0O,
Pressure Pressure

Wolf -41% -21%
(RPQ) p=0.002 (non-
significant)

Cifu 9.7% -3.3% 15%
(RPQ) p=0.23 p=0.71 p=0.12

Harch- -93%
LSU Pilot

(RPQ)
Harch -88%

(DSM-TR p<0.0001
PPCS Sx)




Satisfying the FDA recommendation of
2011.

1. Inresponse to a pre-IND Special Protocol Assessment in 2011, the FDA
stated:

a. We view your treatment to be composed of pressure and hyperoxia.

b. It is unacceptable for you to investigate a single dose of HBOT, 1.5 ATA.

¢. You must do multiple studies investigating the range of pressure and oxygen
doses.

The FDA recommendation has been met with studies at 1.2, 1.3 ATA air, 1.5
ATA oxygen, .21 ATA oxygen/2.0 ATA pressure, 1.5 ATA oxygen/2.0 ATA
pressure, 2.0 ATA oxygen, and 2.4 ATA oxygen.

. The result of all of the mTBI studies to date are:
a. Two doses have shown benefit: 1.5 ATA oxygen, 1.3 ATA air)
b. Three doses have shown no benefit (DARPA study).
c. One dose has shown equivocal results (1.2 ATA air).
d. One dose showed a trend toward harm (2.4 ATA oxygen)




American Heart Association Evidence-
Based Scoring System

Classification of Recommendations

NG T HIConditions for which there is evidence, general
agreement, or both that a given procedure or treatment is useful and

@ Class II: Conditions for which there is conflicting evidence, a
divergence of opinion, or both about the usefulness/efficacy of a
procedure or treatment.

@ Class ITa: Weight of evidence/opinion is in favor of
usefulness/efficacy.

@ Class IIb: Usefulness/efficacy is less well established by
evidence/opinion.

@ Class II1: Conditions for which there is evidence, general
agreement, or both that the procedure/treatment is not useful/
effective and 1n some cases may be harmful.




American Heart Association Evidence-
Based Scoring System

Level of Evidence

_ 2 evel of Evidence A: Data derived from multiple
randomized clinical trials

@ Level of Evidence B: Data derived from a single
randomized trial or nonrandomized studies

@ Level of Evidence C: Consensus opinion of experts

Circulation 2006 114: 1761 — 1791.




Conclusion and recommendation for
government and 1msurance companies

1. 30 years of animal and human investigation have
demonstrated improvement of mTBI PPCS with
hyperbaric therapy.

2. All studies at 1.5 ATA have demonstrated improvement
in symptoms and cognition. One study at 1.3 air
demonstrated improvement in symptoms.

. The collection of studies at 1.5 ATA HBOT to date
meets American Heart Association Class I Level A
Evidence-based medicine criteria to strongly argue for
government and insurance reimbursement of HBOT for
this diagnosis.




Conclusion and recommendation for
government and 1msurance companies

However, as demonstrated by
oxidative stress/overdosing

treatment and dosing should
be 1individualizerd to patient
response.
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Conclusions

m'TBI 1s primarily a white matter injury, resulting in white matter
wounds.

Inflammation 1s a significant component of chronic TBI wounds.

HBOT 1s a treatment consisting of increased pressure and increased
oxygen whose effects are dependent on dose.

HBOT 1s a treatment of wounds with significant gene modulatory
effects and effects on inflammation.

A review of the literature on HBOT in mTBI/PPCS with or w/o0 PTSD
shows varying effects of different doses of HBOT.

1.5 ATA HBOT meets AHA criteria for Evidence-Based Medicine
treatment of mTBI/PPCS and should be reimbursed.
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