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Subject Demographics

A Average time since SCI = 15 (rangg8}years
A Average age = 37 (range-33) years old

A Sex = 9 male, 1 female.

A SCUBA Certification Dives = 8/10

A Asia Classification of SCI: 6xA, 2xB 1xC, 1xD

A SCUBA Cetrtification
I 10 Open Water Dives
I Average Depth = 51 (range-29) feet
I Average Time = 33 (range-2%) minutes
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PTSD is Generally Thought to Be
Intractable in War Veterans

A Repeated SCUBA diving led to a near comple
or complete resolution of PTSD symptoms in
all of the paralyzed vets who manifested any
initial symptoms.

A Could scuba be a novel therapy for PTSD?

A Possible Contributions:
I Controlled Breathing

I Mastering Fearful Situation

I Pressure of Diving
I CNS Changes as a Result of SCUBA



Current and future therapeutic strategies for functional repair of spinal cord injury
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Table 1

Possible intervention strategies to improve motor function and representative
candidate compounds for the strategies.

@ Neuroregeneration and sprouting spinal tracts
BDNF, GDNF, NT-3, Withanoside IV, FK1706
@ Remyelination
SM-216289, Withanoside 1V, 4-Aminipyridine
@ Antagonization of inhibitory factors on myelin or from glial scar
NEP1-40, C3bot(154-182), Y27632, Sialidase, ATI-355, Cethrin,
GM-1, Chonodroitinase ABC, SM-216289
@ Protection of neural death
Nimodipine, Riluzole, Estrogen, Withanoside IV
(3 Inhibition of inflammatory responses
MPSS, Minocycline, Estrogen, Withanoside IV
©® Rewiring by propriospinal interneurons
OECs, BMSCs, Peripheral nerve cells, hNSCs, iPs cells
(7 Cell and tissue transplantation
OQECs, BMSCs, Peripheral nerve cells, hNSCs, iPS cells

This review presents recent clinical trials and recent advances in the development of strate
to restore locomotion after SCI. Several approaches toward functional recovery in SCI suc
in acute andcsubacutephases in animal models.

However, effective strategies against chronic phase of SCI have not been established yet.



Standard of Care for Chronic SCI

A There is extensive and varied research curren
underway on many different potential
restorative therapies for Spinal Cord Injury,
iIncluding FES.

A Currently there is no standard of care to restor
function in chronic phase of SCI.

A What Neurological changes occurred with
SCUBA?



SCUBA Background

A In a randomized, placebo-controlled, double-blind study
Fischer et al (1983) reported improved spasticity in
subjects treated with hyperbaric oxygen (2 ATA, 90
minutes daily, 5 days a week, total 20 treatments).

A Madorsky (1988) suggest that SCUBA diving could be a
beneficial adjunct neuro-rehabilitative therapy for people
with paraplegia.

A Stanghelle et al (1991) concluded that SCUBA diving is
not unsuitable for patients with spinal cord injuries, even
for tetraplegics. They also observed improved spasticity.



SCUBA Background

Novak et al (1999) reported increased vital capacity after 2 weeks of
SCUBA diving in 9 paraplegic subjects. A comparison group of
subjects who were salling for 2 weeks did not show these changes.

In a 7 day trial (1 dive, 30 minutes per day at 23 feet) with 6
paraplegic subjects (traumatic and non-traumatic) Haydn et al
(2007) reported significantly improved spasticity and improved
guality of life in addition to improved pain. This effect persisted for
less than 4 weeks.

A Water temperature 52 to 61 F
A Effect was observed after 3 days

A Recommendation to repeat this study in warmer water and to
provide SCUBA as -Bltdaysr apyo ever



Reported Subjective Changes

mproved spasticity

ncreased strength

proved balance

oroved fatigue

oroved breathing function
proved bladder sensation
mproved bowel program

A Better sleep

A Decreased headache frequency
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Spasticity

A Upper extremities (UE):

I 3 subjects had UE spasticity at baseline
(modified Ashworth scores 14-16)
I All subjects improved

A2 normalized (score of 12)
A1 improved to 13
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Spasticity
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A Lower extremities (LE):

I All subjects had LE spasticity at baseline (modified Ashworth
scores 14-58)

I All but 1 subject improved by 7-28%
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Spasticity

A SCUBA Universally Improved Spasticity in
Paraplegic Vets with SCI.

A These changes were only seen in those Vets
who underwent SCUBA certification.



Pinprick (ASIA testing)
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A Sensation to pinprick improved most in
subjects with incomplete SCI (1-8 points).



ASIA PP

4.5

N

11

Pin Prick Score Percent Chant

L4

o el
0T ¥9lans
Bueyd % 9
Z »algns

t 103lgns

€T 109lgns

8T 103lans

GT 109lans

1T 109lgns

6 103lqns

20
15
10

0 I

-10



Light touch (ASIA testing)
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A Sensation to light touch iImproved most in
subjects with incomplete SCI (1-16 points).
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Sensation

A The majority of Paraplegic Vets demonstrated
Improved sensation in either piprick, light
touch or both.

A The improvements were selective for those
who underwent SCUBA certification.



Strength (ASIA testing)
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A All subjects who had incomplete motor function in
either UE or LE demonstrated strength
Improvements from 1 to 10 points
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Motor Function

A Half of Paraplegic Subjects regained some
motor function.

A These effects were selective for whose who
underwent SCUBA certification.



Other Results

A Pulmonary Function tests
I No change in Peak Flow in all groups

A Finger flexor strength (Grip Dynamometer)

I Slight negative trend in all subjects without difference
between groups

A Urine Output:

I Virtually all subjects reported increased frequency
and urine volume (42% 1 51%) without differenced
between groups



Medical Complications Observed

A Skin injuries during transfers in and out of boat were the
most frequent complaint

A Coral Injuries

A Jellyfish sting

A Ear decompression difficulty

A 1 Closed head injury (by ship ladder)



Plausible Mechanisms Whereby SCUBA Cc
Enhance Motor and Sensdfgnin Chronic SC

A External Environment:
I Buoyancy: permits use of weak muscles
I Water: global resistance training
I Pressure: Templ&randin& her squeeze machine
A Internal Environment:
I Enhanced ventilation: better tissue gas exchange
I Oxygen: oxygen therapy
I Nitrogen: known CNS effects
A Neural Mechanisms: Rapid Response
I Neural Adaptation with enhancement of existing circu
I Activation of preserved occult circuitry



Table 1. Neurologic Diseases Treated With Hyperbaric Oxygen

Stroke

Lower limb ischemia

Cerebral palsy

Increased intracranial pressure
Migraine headache

Brain injury
Radiation-induced necrosis
Hydrocephalus

Spinal cord injury

Pain, such as exercise-induced muscle soreness, decompression sickness, fibromyalgia syndrome,
and complex regional pain syndrome

Table 3. Actions of Hyperbaric Oxygen in Neurologic Disease

Spinal cord injury
Improves neurologic recovery
Ameliorates mitochondrial dysfunction in the motor cortex and spinal cord
Reduces micturitional disturbance and neurologic deficits
Arrests spread of hemorrhage, reverses hypoxia, and reduces edema
Resolves bone infection and helps wound healing in chronic osteomyelitis




Hyperbaric Oxygen Therapy

A Most of work in the treatment of acute SCI
with HBO Is anecdotal, but results are overall
mixed and disappointing.

A Very little published on HBO in chronic SCI.

A So if not not pressure and 02, what is it that is
unique to SCUBA?



| am personally quite receptive totrogen rapture | like it and fear

it like doom. It destroys the instinct of life. Tough individuals are nc
overcome as soon as neurasthenic persons like me, but they hav
difficulty extricating themselvegntellectuals get drunk early and
suffer acute attacks on all the senses, which demand hard fightin
to overcome When they have beaten the foe, they recover gquickly
Theagreeable glow of depth rapture resembles the giggiarty

jags of the nineteenwenties when flappers and sheiks convened t

sniff nitrogen protoxide.
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FIGURE 3 — Development of dopamine, glutamate, serotonin and aspartate levels recorded by microdialysis in the
striatum of rats exposed to 3 MPa of nitrogen-oxygen pressure.
(U-Mann Whitney test ® P<0.05; e P<0.2; e P<0.001).




Effects of Nitrogen on CNS

A Nitrogen is known to effect the CNS and cause
Nitrogen Narcosis or Rapture of the Deep.

A In addition to the relatively moderate changes ir
glutamate and GABA in the CNS that account fi
Its Intoxicating effects, there Is a dramatic 350%
Increase in CNS Serotonin.

A What do we know about the effect of Serotonin
on the Spinal Cord?

A What role does Serotonin play in development,
Injury, and recovery?
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Serotonin Is Critical for CPG Developme

A 5-HT induces rhythmic activitg vitroin Embryonic Mouse Spinal Cords

A By E18 coupled, alternating segmental pattern is mediated-Hjf Stimulation
and transition oiinterneuronalGABAGIyto inhibitory, which is affected by-BT.
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Serotonin Is Critical for CPG Developme

A 5-HT inducegocomotoractivity in Early Neonatal Mouse Spinal Cardgitro.

A Blockade of D1/D2 Dopamine Receptors interferes witiTsevoked pattern.

A In Neonatal Mice Glutamate (NMDA) elicits rhythipicomotor activity.

A NMDA antagonistchangel5¢ b5 2 LI YAYS AYRdzOSR NX&
A Thus, BHT effects on locomotion become supplemental later in development.
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The Unusual Response®é¢rotonergidNeurons after CNS
Injury: Lack of Axonal Dieback and Enhanced Sprouting v
the Inhibitory Environment of th&lialScar
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Serotonin Release Variations During Recovery
Motor Function After a Spinal Cord Injury in Rat:

A Rat Spinal Cords were
partially transected at T9

A Treadmill exercise on days 8
18, 34 after lesion.

A Microdialysismeasure of 5
HT release in Ventral Horn»w
at Lb.

A Levels of BHT increased
300% on day 18 that
correlated with regaining
function.
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5-HT A receptors are involved in short- and long-term

processes responsible for 5-HT-induced locomotor function

recovery in chronic spinal rat QuipaziF5-HT2 agonist
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Serotonin 5-HT; receptor activation induces a long-lasting
amplification of spinal reflex actions in the rat

Figure 1. 5-HT evokes a long-lasting facilitation of reflexes but only following washout
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5-HT in a neonatal rat
preparation mediated a
longlasting facilitation of
reflexes that could be
maintained for several
hours.

Some dorsal horn neurons
underwent longlasting
facilitation of afferent
evokedEPSPs

Thus, the increase in
reflex gain coincides with
an increase in sensory
gain to a subpopulation of
neurons.



Serotonin in the Spinal Cord

A 5-HT is central to the core development of the
Spinal Cord Central Pattern Generator (CPG).

A Serotonergimeurons are selectively preserved in
the CNS after injury.

A Correlating with the improvement in locomotion
following SCI is the increased release in the Ventr:
Horn of 5HT by 300%.

A Repeated stimulation of-BIT receptors results in
the rehabllitation of locomotion and following SCI.
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Effect of epidural stimulation of the lumbosacral spinal cord
on voluntary movement, standing, and assisted stepping
after motor complete paraplegia: a case study

Susan Harkema, Yury Gerasimenko, Jonathan Hodes, Joel Burdick, Claudia Angeli, Yangsheng Chen, Christie Ferreira, Andrea Willhite, Enrico Rejc,

Robert G Grossman, V Reggie Edgerton Lancet 2011; 377: 1938-47
A Sagittal shifting
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Conclusions

A There is a need for restorative treatments for chronic spir
cord injured (SCI) individuals.

A No systematic studies have been done of SCUBA in SCI

A We saw unprecedented improvement in motor and sensc
function in paraplegic war veterans after undergoing four
days of 9 successive SCUBA dives.

A SCUBA diving is known to increase CNS nitrogen levels,
which In turn generate large increases in serotonm (5
HT)release within the central nervous system.

A Though never tested in humans, serotonin has been sho
In animals to stimulate motor and sensory recovery in the
context of spinal cord injury in animals.

A This pilot study suggests a back door mechanism to awa
function in the chronically injured spinal cord.

A The proposed mechanism of SCUBA mediated improved
function in Chronic SCI should be further investigated.
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