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Clinical hyperbaric medicine 4: Complications / Training / Controversies

15:45 - 16:15 Immersion pulmonary edema — Dr Michael Koehle

16:15—16:45 HBOT for the treatment of post-concussive syndrome following mild traumatic brain injury:
Initial results and lessons learned — Steven L. West, PhD

16:45-17:10 Traumatic brain injury and HBOT — summary of Toronto meeting — Dr. Wayne Evans
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HBOT and TBI

Exploring the potential of hyperbaric oxygen therapy in the treatment of traumatic brain injury

BLOG ROLL ABOUT CONTRIBUTORS RESEARCH BOOKS OM HBOT CONTACT

UNCATEGORIZED

Workshop Time and Location

SEPTEMBER 12, 2011 BY ABI RESEARCH LAB LEAVE A COMMENT

Hyperbaric Oxygen Therapy and Traumatic Brain Injury Workshop
September 16, 2011

Chestnut Conference Centre, 5t. Patrick Room
University of Toronto
89 Chestnut Street
Toronto ON M5G 1R1




Learning Objectives: By the end of the

session participants will:

be acquainted with literature which supports
the physiologic effects of HBOT utilized for
patient benefit in ABI.

appreciate the nature of risk assessment
Issues to avoid hyperbaric environment
hazards.

Consider some research designs for
developing next steps.

Wayne Evans, M.D.



The Toronto Hyperbaric
Medicine Symposium 2008

Neurological Aspects of Hyperbaric Medicine

Wayne Evans, M.D.




The Toronto Hyperbaric
9 Medicine Symposium 2008

Neurological Aspects of Hyperbaric Medicine

Home About Us Photos Registration Faculty Topics Contact

NASA and the US Congress
gives THMS a thumbs up.

We are now officially supported by the United
States Congress and MNASA.

Click Here for the US Congress Letter
Click Here for the NASA Letter

New Schedule and Speakers!

from the Toronto R = and is an
Associate Professor at the University of
Toronto. She will be discussing the
interdisciplinary approach to the management
of traumatic brain injury.

Please note that the schedule has been




Hyperbaric oxygen for
neurologic indications

Action plan for multicenter trials in:
stroke, traumatic brain injury,

radiation encephalopathy & status
migrainosus

Helms A, Evans AW, Chu J, Sahgal A, Ostrowski R,
Sosiak T, Wolf G, Gillet J, Whelan H

Wayne Evans, M.D.
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Hyperbaric oxygen for
neurologic indications

Action plan for multicenter trials in:
stroke, traumatic brain injury,

radiation encephalopathy & status
migrainosus

Helms A, Evans AW, Chu J, Sahgal A, Ostrowski R,
Sosiak T, Wolf G, Gillet J, Whelan H

Wayne Evans, M.D.



Purpose

To develop and publish for public comment plans
for randomized trials of hyperbaric treatment in
neurologic conditions.

Four conditions were specifically targeted for
future projects and clinical trials:

1) stroke

2) traumatic brain injury

3) radiation-induced necrosis

4) status migrainosus.

Wayne Evans, M.D.



Stroke

Wayne Evans, M.D.



Specific Aim

To determine whether the use of HBOT in the
treatment of acute ischemic stroke is effective at
Improving outcomes.

Wayne Evans, M.D.



Rationale

« At the center of an infarct, blood flow Is
completely absent, causing neurons to die within
a matter of minutes. This area, therefore, may
not be amenable to treatment after the start of
symptoms.

* The region of the brain that draws the most
Interest Is the penumbra, where evidence has
shown that blood flow is diminished, but not
absent.

« The cells in this region remain viable for a

prolonged period, and can be saved If adequate
perfusion Is restored.

Wayne Evans, M.D.



Rationale

* Cells subjected to prolonged ischemia will
Inevitably undergo apoptosis, either after
prolonged ischemia or due to reperfusion injury.

* Interest in using HBOT for the added benefit of
its anti-inflammatory and anti-apoptotic
properties

* On MRI, penumbra is represented by perfusion
diffusion mismatch (in animal & human studies).
— In the rat focal ischemic stroke (middle cerebral artery

occlusion), MRI revealed perfusion-diffusion mismatch
persist up to 6-12 hours after the occlusion.

— In patients such mismatch is usually present during the first
six hours after stroke.*

*Chen 2008 Wayne Evans, M.D.



Rationale

« Damage from focal cerebral ischemia is
ameliorated after treatment with HBOT

— Therapeutic window of 6 - 12 hours suggested by previous
animal studies.
« HBOT was effective against experimental stroke
If administered when a penumbra is typically
present in the brain.*

3 randomized controlled studies that have
evaluated HBOT

— utilized HBOT beyond therapeutic window or lower dose
than suggested by previous animal studies.

*Zhang 2005 Wayne Evans, M.D.



Study Design

Acute Intervention
RCT
Blinded

Placebo = air at
minimal pressure

 Qutcomes

— Primary - mRS &
NIHSS Neurological
Scales

— Secondary —
e Barthel Index & GOS

« Length of hospital stay,
rate of ICH, mort

Wayne Evans, M.D.



Criteria

Inclusion
Must be 18 years old

Score = 4 on National Institute
of Health Stroke Scale
(NIHSS)

Treatment must begin < 6hr
onset of Sx

If tPA candidate; must
complete their tPA treatment
prior to undergoing HBOT.

MRI scan will be performed
with diffusion-weighted and
perfusion-weighted sequence
to assess for the presence of a
penumbora.

)

Exclusion
Premorbid mRS >1

Intracerebral hemorrhage
(ICH)

Intracranial pathology-
Need for surg intervention

ABG drawn, and chest X-ray
done assessing for
pulmonary disease (can be
contraindication for HBOT)

Wayne Evans, M.D.



Study Design Stroke

Patient arrives at ED:

..

Diagnosis: Clinical assessment (esp. Neuro) + scales + non-contrast
CT + MRI with diffusion weighted and perfusion weighted sequence*

L

; ; T Max. 6 hrs
Inclusion & Exclusion Criteria
* the presence or J L
absence of penumbra RANDOMIZATION
should be analyzed
later through subgroup ﬂ
analysis TREATMENT
Control Slngle HBOT RXx Monitor &
STANDARD CARE HBOT 100% oxygen at 2.4 ATA for 90 min.
Manage
ICP

I

F/U

* Repeat Scales: 7 days & 3mth

Wayne Evans, M.D.




Traumatic Brain Injury

Wayne Evans, M.D.



Specific Aim

1)To determine whether use of HBOT in the acute
state after traumatic brain injury is effective at
improving functional and mortality outcomes.

2) To determine whether use of HBO,T in the acute

state after traumatic brain injury is effective at
reducing elevated intracranial pressure (ICP).

Wayne Evans, M.D.



Rationale
* The primary injury to the brain sustained at

the time of the trauma is usually not
reversible.

HOWEVER

* The secondary injury occurring in the
hours and days following the initial
Injury that provides more opportunities
for treatment to preserve tissue and
function.

Wayne Evans, M.D.



Contributing Factors

* hypoxia
 edema
* apoptosis

Wayne Evans, M.D.



HBOT and TBI

Exploring the potential of hyperbaric oxygen therapy in the treatment of traumatic brain injury

BLOG ROLL ABOUT CONTRIBUTORS RESEARCH BOOKS ON HBOT CONTACT

UNCATEGORIZED

Workshop Time and Location

Bl RESEARCH LAB LEAWE A COMMER

Hyperbaric Oxygen Therapy and Traumatic Brain Injury Workshop

September 16, 2011

http://hbotandtbi.wordpress.com/

Wayne Evans, M.D.



Wang 2010

* Pre-clinical - rat

* Injury — 20g drop
a. Control
b. HBO - 3ATA oxygen
c. Normobaric oxygen
d. HBA-3ATA air

« Measurements

a. Behavior , water content, cellularity
Wayne Evans, M.D.



Wang 2010

Wayne Evans, M.D.
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* Time to treatment
a. 3hr6hrl2hrlinear loss of effect
b. by 24 hr little effect ~ control
c. by 48 hr ~ no effect
d. by 72 hr no effect
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Wang 2010

o Multiple treatment 0 /1/3 /5
15t treatment at 6 hr

Wayne Evans, M.D.
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Wang 2010

e Multiple treatment
1t treatment at 6 hr

Wayne Evans, M.D.
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Wang 2010

e Multiple treatment
15t treatment at 24 hr
15t treatment at 48 hr

Wayne Evans, M.D.



Rockswold 2010



Rockswold 2010

N=80

RCT

Severe

Acute

1.5 ATA x 60 min
Lowered ICP x 3 days

Wayne Evans, M.D.



Eyes open spontaneously
Eyes open to verbal command

Eyes open only with painful stimuli
€ IangW Coma [ eye opening
Scale (G CS) Verbal Response

Oriented anc converses
Disorenteg and converses
Inappropriate words
Incomprehensible sounds
No verbal response

Motor Response
Obeys verbal commands
Response to painful stimull (UE)
Localizes pain
Withdraws from pain
Flexor posturing
Extensor posturing
NO mMotor response

Total score = eye opening + verbal + motor
GCS<5: 80% dle or remaln vegitative
GCS>11: 90% complete recovery

Eve Opening Point

- N W AW

o
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Glasgow Coma Scale (GCS)
(Max is 15)

» Severe (GCS) <8
* Moderate (GCS) 9-12
* Mild (GCS) = 13

vans, M.D.



Verlag 2008
- Austria

L. Wei', C. P. Ko, Y. K. Su', W. T. Chiu'®

! Department of Neurosurgery, Taipei Medical University-Wan Fang Hospital, Taipei, Taiwan
# Graduate Institute of Clinical Medicine, College of Medicine, Taipei Medical University, Taipei, Taiwan
*Institute of Biomedical Engineering, National Yang-Ming University, Taipei, Taiwan
* Department of Radiation-oncology, Taipei Medical University-Wan Fang Hospital, Taipei, Taiwan
- Department of Urology, Taipei Medical University-Wan Fang Hospital, Taipei, Taiwan
«, 8 Graduate Institute of Injury Prevention and Control, Taipei Medical University, Taipei, Taiwan
';.'7 Department of Neurosurgery, Taipei Medical University Hospital, Taipei, Taiwan
ayne Evans, M.D.
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Lin 2008

Effect of hyperbaric oxygen on patients with TBI

Table 3. GOS outcome for the patients 3 and 6 months after HBOT

GOS3a without GOS3a with GOS6a without GOS6a with
improvement improvement improvement improvement

GOSb =2 HBOT : : 7
control 7
GOSb =3 HBOT
control
GOSb=4 HBOT

control

28 16 23

p<GOSbH The patient’s GOS before the HBOT or the same timing for the control group.
GOS3a The patient’s GOS at 3-month post injury or at the same timing for control group.
GOS6a The patient’s GOS at 6-month post injury or at the same time for control group.

= p<0.05 with significant difference.

Wayne Evans, M.D.




Glasgow Outcome Scale

5-level score:

1.
2.

Dead

Vegetative State (meaning the patient is
unresponsive, but alive; a "vegetable" in lay
language)

Severely Disabled (conscious but the patient
requires others for daily support due to disability)

Moderately Disabled (the patient is independent
but disabled)

Good Recovery (the patient has resumed most
normal activities but may have minor residual
problems)

Wayne Evans, M.D.



Lin 2008

Table 3. GOS outcome for the patients 3 and 6 months after HBOT

GOS3a without GOS3a with

GOS6a without GOS6a with
improvement improvement

improvement improvement
HBOT
control
HBOT
control
HBOT
control

~
J
/
-
]
'

9)

Wayne Evans, M.D.



Lin 2008

N=44

CT — semi randomized

Moderate to Severe

Subacute (ave 28 days post insult)
2.0 ATA 90 min

Improved GOS =4 group at 6 mth

Wayne Evans, M.D.



Proposed Study Design-TBI

* Acute Intervention -
e RCT

* Non blinded
* No Placebo
« Severely traumatized

* Outcomes Neurological Scales
— Primary - mRS
— Secondary - Barthel Index & GOS

o
° ¥

Wayne Evans, M.D.



Study Protocol TBI

Patient arrives at ED:

..

Diagnosis:
*Neuro assessment

*Scales

*MRI with diffusion -weighted imaging

B

Inclusion & Exclusion Criteria

L

RANDOMIZATION

Wayne Evans, M.D.




Diagnosis

 Clinical Assessment

— diagnosis of severe TBI = Glasgow Coma
Score (GCS) < 8 at time of presentation

Wayne Evans, M.D.



Diagnosis

 Clinical Assessment

— diagnosis of severe TBI = Glasgow Coma
Score (GCS) < 8 at time of presentation

— estimate HBOT risks

e Absolute contraindications
e Relative contraindications

Wayne Evans, M.D.



HBOT SAFETY - Occupant
Selection

* Physical Condition
—ADbsolute Exclusions
* Risk of gas trapping In Lungs

vans, M.D.



HBOT SAFETY - Occupant

Selection
* Physical Condition

— Absolute Exclusions
 Risk of gas trapping in Lungs

— Relative Contraindications
* Ears / Sinuses
« Confinement issues / CNS O2 Toxicity
» Medically Compromised
 Heart - LV Function
* Glucose - DM

Wayne Evans, M.D.



overload / CHF




Diagnosis

 Clinical Assessment

— diagnosis of severe TBI
— estimate HBOT risks

* Imaging — diffusion weighted MRI
— confirm type and extent of injury
— assess for intracranial pathology
— baseline for comparison

\Alaynp F\mnc, \Y/HD




Diffusion Weighted Imaging (DWI)

* In (DWI), each image voxel (three
dimensional pixel) has an image intensity that
reflects a single best measurement of the rate
of water diffusion at that location.

* This measurement is more sensitive to early
changes after a stroke than more traditional
MRI measurements such as T1 or T2

relaxation rates.

Wayne Evans, M.D.



Diagnosis

e Clinical Assessment
— diagnosis of severe TBI
— estimate HBOT risks

* Imaging — diffusion weighted MRI
— confirm type and extent of injury
— assess for intracranial pathology
— baseline for comparison

* Neurological Performance Scales
— mRS = Modified Rankin Scale
— Barthel Index
— GOS = Glasgow Outcomes Scale

\Alaynp F\mnc, \Y/HD




Modified Rankin Scale (mRS)

O - No symptoms.
1 - No significant disability. Able to carry out all usual
activities, despite some symptoms.

2 - Slight disability. Able to look after own affairs without
assistance, but unable to carry out all previous
activities.

3 - Moderate disability. Requires some help, but able to
walk unassisted.

4 - Moderately severe disability. Unable to attend to
own bodily needs without assistance, and unable to
walk unassisted.

5 - Severe disability. Requires constant nursing care
and attention, bedridden, incontinent.

6 - Dead Wayne Evans, M.D.
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Study Design TBI

Patient arrives at ED:

..

Diagnosis:
Neuro assessment & full clinical

*Scales

*MRI with diffusion -weighted imaging

B

Inclusion & Exclusion Criteria

L

RANDOMIZATION

Wayne Evans, M.D.




Criteria

Inclusion
* Must be 18 years old

 Have Glasgow Coma
Score (GCS) < 8 at time
of presentation

)

Exclusion
Premorbid mRS >1
Intracranial pathology-

Need for surg
Intervention

ABG drawn, and chest
X-ray done assessing
for pulmonary disease
(can be contraindication
for HBO2T)

Wayne Evans, M.D.



Study Design TBI

Patient arrives at ED:

..

Diagnosis: Clinical assessment (esp. Neuro) + scales + MRI with
diffusion -weighted imaging

-

: : " Max. 6 hrs
Inclusion & Exclusion Criteria
RANDOMIZATION
TREATMENT
HBOT
STﬁlgggrgLE HBOT will consist of 100% oxygen at 2.4 ATA for 90 Maonitor &
minutes daily for one week = 7. Manage
ICP

I

F/U

sImaging: day 3

*Scales: day 7, 6mth, lyr

Wayne Evans, M.D.




Protocol Rationale

« <6hr = Early intervention — avoid irreversible
hypoxia and secondary insults

« 2.4 ATA Intensity — ensure avoid missed
efficacy due to under-dosing.

« Dally treatments x 7 -

— Multiple-dose therapy because of the time course of
secondary injury associated with TBI

Wayne Evans, M.D.



Follow-Up

* repeat MRI @ 72 hours.
— May pick up reduction in edema.

* MRS, Barthel Index and GOS
— 7 days
— repeat again at six and 12 months.

Wayne Evans, M.D.



Radiation-Induced
Cerebral Necrosis

Wayne Evans, M.D.



Specific Aim

To determine whether HBOT treatment of

radiation-induced cerebral necrosis (RICN) of brain

results in improvement of neurological function
and reduction of necrosis.

Wayne Evans, M.D.



Proposed Study Design

e RCT
* Non blinded
* No Placebo

* Qutcome - Primary

— progression, stabilization or resolution of
— Clinical symptoms
— MRI imaging - RECIST criteria

* Qutcome — Secondary — HVLT; steroid use

Hopkins Verbal Learning Test Response Evaluation Criteria in Solid Tumors
Wayne Evans, M.D.



Criteria

)

Inclusion Exclusion
* Must be 18 years * Recurrent tumor
old | » Currently receiving
* BX negative chemotherapy or
- MRI of the brain with  radiotherapy.
gadolinium and » Other sites of
evidence of a lesion disease progression
In the radiation field (full staging
that Is consistent investigations
with RICN needed for patients

with non-primary

brain cancers)
Wayne Evans, M.D.



Study Design RICN (Radiation-Induced Cerebral Necrosis)

History of Brain XRT & clinical deterioration :

Il

Diagnosis: Clinical assessment (esp. Neuro) + Contrast
enhancement on imaging. Neuropysc (HVLT), Q of L[ C30 & BN20 ]

v
Inclusion & Exclusion Criteria

RANDOMIZATION

1L

TREATMENT

I

F/U
*Reimaging: post HBOT + repeat @ 3mth
*Neuropysc (HVLT), Qof L[ C30 & BN20]: 1,2, & 3mth

Wayne Evans, M.D.




Underlying HBOT Mechanisms

* Familiar
— Oxygen delivery to ischemic tissue

* Less Familiar
— Anti-apoptosis properties
— Anti-inflammatory properties
— Vasoactive properties

Wayne Evans, M.D.



Current - Clinical Studies.gov

Wright & Harch 1000 M/Mo C 40-80 1.5x60bid no 10 US sites
Wolf & 1.3 x Measure
Michealson 50 M/Mo C 30 2.4x90 RCT 0.21 pre&post 6/52
Churchill & 1.2 x Must choose
Miller 96 M;PTSD C 40 1.5x60 RCT 0.25 1for Ph3 trial
1-Sx; 2 -
Neuro/Function
2.0 x 60 Measure
Cifu & Hart & (o] 0] pre/post 1-
West 60 M C 40 1.5x0.75 RCT x0.105 3/7;post 3/12

Wayne Evans, M.D.



Migraine

Wayne Evans, M.D.



Specific Aim

To determine whether use of HBOT will relieve
headache pain in status migrainosus.

Wayne Evans, M.D.



Spinal Cord Injury

vans, M.D.



