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Traumatic brain injury 
can be a devastating 
neurological injury. In-

dividuals who survive moder-
ate to severe brain injuries are 
frequently left with crippling 
deficits that may require insti-
tutional care. These individu-
als may become dependent on 
others for their daily needs and 
activities after sustaining such 
an injury. 

Mild traumatic brain injuries 
involve loss of consciousness 
of fewer than 30 minutes and 
represent a neuro metabolic 
syndrome, generally expected 
to resolve in the vast majority 
of cases. However, about 15% 
of individuals with mild brain 
injuries can continue to experi-
ence ongoing symptomatology 
which is sometimes difficult to 
identify and even more difficul-
ty to treat. 

Individuals with protracted 
symptoms of brain injury may 
complain of refractory head-
aches, cognitive deficits, sleep 
problems, dizziness, visual 
problems, tinnitus, sensitivi-
ty to various stimuli, attention 
deficit, emotionality, anxiety, 
depression, and post-traumat-
ic stress disorder. And despite 
the healthcare provider’s best 
efforts, brain injuries can some-
times be refractory to conven-
tional treatments. 

A case that comes to mind is 
a military veteran who was in-
volved in an IED explosion while 
on tour of duty which caused 
him to be knocked out for two 
minutes. When he regained 

awareness, he was dazed, con-
fused with ringing in the ears 
and difficulty focusing. He also 
experienced headaches and 
nausea. He was evaluated and 
told he suffered a concussion 
and that the symptoms should 
resolve. He was released back 
to his regular duties after 3-5 
days of cognitive rest. Howev-
er, from that day forward, and 
for years thereafter, he has 
been experiencing ongoing is-
sues with headaches, cogni-
tive impairment, balance and 
visual issues, sleep problems, 
mood problems, etc. Eventually 
he is discharged from military 
service on account of ongoing 
medical issues. However, even 
with a subsequent diagnosis of 
“post-concussion syndrome” 
and state of the art brain injury 

rehab and pharmacological in-
terventions, his symptoms are 
only partially and temporarily 
relieved. 

We see cases like this on an on-
going basis. Some veterans who 
have been through this scenar-
io are prescribed medications 
(mood stabilizers, sedatives, 
antidepressants, etc.) that they 
have difficulty tolerating result-
ing in non-compliance. Some 
try to self-medicate with pain 
killers, stimulants, cannabis, or 
alcohol. The longer the symp-
toms persist, the harder they 
are to treat, due to a mechanism 
called long term potentiation. 

There is growing interest in 
non-pharmacological technolo-
gies that are showing benefit in 
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these cases without significant 
adverse effects. Due to con-
cern for medication side effects 
and need for long term use of 
medications in these scenarios, 
these newer treatment modal-
ities are gaining traction as ei-
ther adjunctive treatments or 
alternative treatment options. 

Traumatic brain injury can result 
in a wide spectrum of neurolog-
ical, psychi¬atric, cognitive, and 
emotional consequences. The 
diversity of sequalae can be relat-
ed to the areas of the brain that 
are injured, the severity of the 
injury and the evolution of the 
injury over time due to neuroin-

-
al mechanisms thought to un-
derlie the damage of TBI include 
decreased mitochondrial func-
tion, calcium, and magnesium 
dysregu¬lation, excitotoxicity, 
disruption of neural networks, 
free radical-induced damage, 
excessive nitric oxide, ischemia, 
and damage to the blood–brain 
barrier. Together, these can con-
tribute to a progression of the 
damage over time.

The nonpharmacological treat-
ment options discussed in this 
article target the various dys-
functions in brain activity by im-
proving mitochondrial function, 

-
tering oxygen radicals, etc. This 
is not an exhaustive list of mo-
dalities but an overview of some 
of the treatment options that are 

HYPERBARIC OXYGEN TREAT-
MENT has been explored as a 
treat¬ment for TBI. The most 

carefully performed study com-
pared a group in a cross-over 
design with an interval of both 
null treatment and hyperbar-
ic oxygen at 100% oxygen and 
1.5 atm. The study described 
improvement in many of the 
symptoms associated with per-
sistent TBI including headache, 
tinnitus, vision disturbance, 
memory dysfunc¬tion, and 
impaired cognitive function. 
Cognitive testing also showed 
improvement in attention, in-
formation processing speed, 
and a battery of cognitive tests.

One potential avenue of treat-
ment for TBI is infra¬red light, 
or PHOTO BIOMODULATION, 
which has shown promising 
data in a number of applica-
tions. Near-infrared (NIR) light 
has been investigated for its 
ability to modulate intracel-
lular mechanisms related to 
healing. The application of NIR 
light by low-power laser or by 
light-emitting diode (LED) is 
also known as laser photother-
apy or near-infrared photo-bio-
modulation. NIR irradiation 
can facilitate wound healing, 
promote muscle repair, and 
stimulate angiogenesis. NIR 
phototherapy has been studied 
and applied clinically in a wide 
array of ailments, including skin 
ulcers, osteoarthritis, peripher-
al nerve injury, low back pain, 
myocardial infarction, and stem 
cell induction. 

Light in the wavelength range 
of 600–1,200 nm has significant 
photo biomodulation capabili-
ty. Current data most strongly 
support that absorption of NIR 
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photons by cytochrome c oxi-
dase in the mitochondrial respi-
ratory chain is the key initiating 
event in photo biomodulation. 
This induces an increase in cy-
tochrome c oxidase activity 
which in turn increases ade-
nosine triphosphate (ATP) pro-
duction. NIR photonic energy 
can modulate reactive oxygen 
species, activate mitochondrial 
DNA replication, increase ear-
ly-response genes, increase 
growth factor expression, in-
duce cell prolif¬eration, and 
alter nitric oxide levels. When 
examined in the specific model 
of neural tissue injury, NIR pho-
totherapy can lead to demon-
strable neural repair and recov-
ery. Based on work done by the 
Neuro laser foundation in col-
laboration with Harvard Medical 
School, use of high-wattage la-
sers, resulted in marked clinical 
improvement in patients with 

mild to moderate chronic TBI. 
Moreover, symptoms consis-
tent with PTSD, anxiety, and/
or depression also improved 
considerably or resolved in this 
group of patients.

Hydrogen is a colorless, taste-
less, and reductive small molec-
ular gas. The first potential clin-
ical application of MOLECULAR 
HYDROGEN was demonstrated 
in 1975 when hydrogen was 
found to play a therapeutic role 
in mouse skin cancer model by 
scavenging hydroxyl radicals. 
And a large number of studies 
since then have shown that hy-
drogen plays a therapeutic role 
through the mechanism of an-
tioxidant stress in a variety of 
diseases. Compared with other 
organs of the body, brain tissue 
is more vulnerable to oxidative 
stress because of its high oxy-
gen consumption, low antioxi-

dant enzymes and high content 
of unsaturated fatty acids. Hy-
drogen, as a reducing gas, has 
the advantages of easy access, 
convenient administration (in-
gestion, inhalation or intrave-
nous), easy diffusion, quick on-
set, and no obvious toxicity. 

Many studies have shown 
that molecular hydrogen plays 
a neuroprotective role in TBI 
through a variety of mecha-
nisms including anti-oxidation, 
anti-inflammation, and inhibi-
tion of apoptosis (programmed 
cell death). 

Use of the SENSORY DEPRIVA-
TION FLOTATION TANK or Flo-
tation restricted environmental 
stimulation therapy (REST) has 
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been studied as a stress-man-
agement tool. In a meta-anal-
ysis, that looked at 449 partic-
ipants, REST showed positive 
effects on physiology (e.g., 
lower levels of cortisol, lower 
blood pressure), well-being, 
and performance. The pre–post 
mean effect size and the overall 
randomized control group ef-
fect size were relatively strong. 
This suggests that despite 
some limitations of the origi-
nal studies, flotation REST can 
be a useful stress management 
tool in addition to or instead 
of other stress management 
tools. Smaller case studies in 
TBI revealed floatation thera-
py, or R.E.S.T. can improve the 
functional, cognitive, emo-
tional, behavioral, and physical quality of life for people deal-

ing with long term TBI related 
issues. Evidence within this 
study demonstrates that floa-
tation therapy has a direct and 
lasting positive effect on mul-
tiple categories of emotional, 
neurological psychological and 
physical dysfunction related to 
an individual with a TBI of 10 
years duration.

TRANSCRANIAL MAGNETIC 
STIMULATION (TMS) is a nonin-
vasive form of brain stimulation 
in which a changing magnetic 
field is used to induce an elec-
tric current at a specific area 
of the brain through electro-
magnetic induction. An electric 
pulse generator, or stimulator, 
is connected to a magnetic coil 
connected to the scalp. Based 
on a study published in the jour-
nal of neurotrauma in 2015, Fif-
teen eligible patients with mTBI 
and PCS > 3 months postinjury 
consented to 20 sessions of re-

petitive transcranial magnetic 
stimulation (rTMS) over the left 
dorsolateral prefrontal cortex 
(DLPFC) for alleviating symp-
toms of PCS. On average, PCS 
scores declined by 14.6 points 
(p = 0.009) and fMRI task-relat-
ed activation peaks in the DLP-
FC increased after rTMS. rTMS is 
safe, tolerated by most patients 
with mTBI, and associated with 
both a reduction in severity of 
PCS and an increase in task re-
lated activations in DLPFC.

Another promising modality is 
NEURO BIOFEEDBACK in which 
a patient can learn to control 
brain activity recorded by an 
electroencephalogram. In Neu-
rofeedback, the training meth-
od is based on reward learning 
(operant conditioning) where a 
real-time feedback provided to 
the trainee is supposed to re-
inforce desired brain activity or 
inhibit unfavorable activity pat-
terns.
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In a 2013 literature review, 
published in the Annals of Clin-
ical Psychiatry, 22 primary re-
search studies were evaluated. 
Remission of 59% to 37% of re-
ported symptoms was achieved 
in one study, with success in a 
diverse set of symptom clus-
ters, including motor, language, 
cog¬nitive, conduct, substance 
abuse, and pain. All published 
data reported positive effects 
of neurofeed¬back in the im-
provement of both subjective 
reports and objective measures 
of neuropsychiatric symptoms 
of mild to moderate TBI.

VAGUS NERVE STIMULATION 
(VNS) is a medical treatment 
that involves delivering electri-
cal impulses to the vagus nerve. 
This can be done via an implant-
ed vagal nerve stimulator or an 

external stimulator. While this 
form of treatment has main-
ly been used for epilepsy and 
treatment resistant depression, 
this modality is also being used 
to treat symptoms of TBI. 

In a 2015 article published in 
Neurocritical care, in animal 
models, VNS was observed to 
enhance motor and cognitive 
recovery, attenuate cerebral 
edema and inflammation, re-
duce blood brain barrier break-
down, and confer neuroprotec-
tive effects.

These are just some of the 
emerging non-pharmacological 
treatment modalities showing 
promise in the very complex 
and sometimes devasting con-
dition of brain injury. Treatment 
of brain injury should involve a 

multi-disciplinary approach with 
utilization of available technolo-
gies to get appropriate metrics 
on deficits in ocular, vestibular 
and cognitive dysfunction. A 
systematic strategy should then 
be employed to identify and cat-
alogue the specific neurological 
and neuropsychiatric deficits. 
The treatment paradigm should 
include pharmacological, rehab, 
behavioral, neuroendocrine and 
lifestyle approaches. Further 
research is needed to defini-
tively establish the efficacy of 
these and other emerging new-
er treatment modalities in the 
brain injury treatment paradigm. 
However, even as it stands, uti-
lization of some of these new-
er approaches may provide an 
edge to improving the quality of 
life of individuals suffering with 
chronic symptoms of TBI. 
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