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WHAT IS NEUROMODULATION?

“Neuromodulation is the
alteration of nerve activity
through targeted delivery of a
stimulus, such as electrical or
chemical agents, to specific

neurological sites in the

body.”

J

A field focused on modulating
nervous tissue function to
improve an individual's quality
of life and overall functioning,
especially for those with
neurological or psychiatric
disorders.
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IS NEUROMODULATION “FDA APPROVED™?

= FDA approved is for class Il devices - typically devices that are implanted, sustain life, or
present a potential significant risk of harm.

= The FDA does not seek out clinical trials and make decisions based on the literature, the
USA FDA only responds to “marketing” requests made by specific companies.

= The FDA typically does not regulate non-medical use of devices, which includes uses for
“wellness”. In this sense, it is important to note that most neuromodulation is broadly
considered by researchers and experts to be low-risk.

= For example, tDCS, is not FDA approved, but “cleared” as it is low risk. ‘
VPARKER



IS NEUROMODULATION “FDA APPROVED™?

= TMS, on the other hand is FDA approved for several psych and neuro conditions.
= TUS is not FDA cleared nor approved.

" Focused US is FDA approved for essential tremor and tremor predominate PD.
= The FDA does not regulate the practice of health care.

= Many Clinicians provide treatments that are “off-label” - things that doctors think work but do
not have a “marketing” label from the FDA to the company.

= Clear Informed consent using off label devices is recommended. O PARKER



WHY IS NEUROMODULATION NOT SO WELL KNOWN IN
THE USA?

PHARMACEUTICAL REVENUE IN USA ALONE IN 2025 IS PROJECTED TO
BE 1,296.9 BILLION

ONE TRILLION, TWO-HUNDRED NINETY-SIX BILLION, NINE -
HUNDRED MILLION DOLLARS




WHY IS NEUROMODULATION NOT
SO WELL KNOWN IN THE USA!?

Top 5 revenue generators in the USA for 2025

Health & Medical Insurance: $1,542.2B
Hospitals: $1,517.3B

Commercial Real Estate: $1,483.6B
Commercial Banking: $1,418.0B

Drug, Cosmetic & Toiletry Wholesaling:
$1,416.1B




| EU —
NETHERLANDS,

Stimulators for clinical practice and Neurofeedback systems with optional

research in tDCS, tACS and tRNS. Biofeedback extensions and precision
Compatible with advanced EEG and artefact control

Neuroimaging

AUSTRALIA

0 neurocare Our Platform Technology Academy Request a quote -

Leading Clinical 1
& Research
Technologies

° Our products

TMS Systems TMS Neuronavigation Systems
Systems for Transcranial Magnetic Leading Neuronavigation systems for
Stimulation applied in clinical and advanced practice and research of
research settings. Transcranial Magnetic Stimulation
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NEUROMODULATION

ACLNIC ABOUT NEWS EVENTS I THENEWS

'. P ONS FORPATIENTS FOR HEALTHCARE PROFESSIONALS PoNS TRAINING SRS GET PoNs
How Works

What to Expect with PONS ~ PONS Real Stories  PONS Resources  PONS for Veterans

OR ADULTS WITH GAIT DEFICIT DUE TO MILD TO MODERATE SYMPTOMS OF MULTIPLE SCLEROSIS, A NEW THERAPY THAT CAN BE

RESPONSIBLE

IN PUBLIC REALM
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THE BRAIN IS AN
ELECTRO-CHEMICAL
ORGAN

Until recent times, most
neuropsychiatric treatment e
has been based on the
chemical

Other brain disorders and
dysfunction also treated
pharmaceutically

T™S Medication

Fallurg to adfirtess e . focused, non-invasive,
electrical deficits of the brain non-systemic

Action is anatomically
diffuse and systemic
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OBJECTIVES

Transcranial Electrical ’ [ Transcranial Magnetic }
Stimulation (TES) Stimulation (TMS)
Discuss the foundations of { Photobiomodu,aﬂm} T:@‘j\; Lmns_cranaa_. Ultrasound]
modern neuromodulation and (PEM) TN R

provide updates on latest M Zed
techniques and clinical uses:

Transcranial magnetic stimulation (TMS)

Transcranial direct current stimulation
(tDCS)

Photobiomodulation (PBM)
Transcranial ultrasonic stimulation (TUSS)

Epilepsy

Applications in -Parkinson’s disease
Neurological
Disordgrs ‘Alzheimer’s disease

Depression
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TMS — INTRODUCTION — PRIMARY USES

Treatment-Resistant Depression — FDA approved

TMS is a well-established treatment for individuals who haven't found
sufficient relief from depression through medication or therapy.

Obsessive-Compulsive Disorder — FDA approved

TMS can be effective in reducing OCD symptomes, particularly when
other treatments have been unsuccessful.

Smoking Cessation — FDA cleared

TMS has been approved for short-term smoking cessation in adults who
haven't responded to other treatments.

Migraine Headache — FDA approved

Approved for acute pain of migraine with aura

Anxious Depression — FDA cleared

TMS has received FDA clearance for the treatment of anxious depression,
which involves both anxiety and depressive symptoms.
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OBJECTIVES: TMS

= History of TMS
= Putative physiology of mechanisms
= Contraindications and potential risks of TMS

= Review of literature support rTMS for depression

= TMS applications for refractory Depression
= Review of literature for the role of TMS in traumatic brain injuries

= Overview of applications of TMS in the management of traumatic brain
injuries

= Use of TMS in post-stroke rehabilitation
= Use of TMS in management of post-traumatic stress disorder
= Use of TMS for tinnitus



HISTORY OF
TRANSCRANIAL MAGNETIC
STIMULATION (TMS)

Michael Faraday in 1831 —
Faraday’s Law :

“The induced electromotive force
(EMF) in

any closed circuit is equal to the
time rate of

change of the magnetic flux
through the

circuit.”
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TMS: HISTORY

* R.Bartholomew (1874) —
Stimulation of exposed
cortex of patient with
cranial defect

* Jacques-Arsene d'Arsonval (1892) —
Phospenes and vertigo induced inside
magnetic coil

* Sylvanus P. Thomson (1910)- new type of magnetic
stimulation
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Ke 738501 g PATENTED
A POLLACSIK & F. BEER,
THERATEOTIOAL APPARATOS

APPLICATION TULAD W1 0, 1o

ATE. 4, 190y

TMS: HISTORY

1902 Adrian Pollacsek

and Berthold Beer -
Vienna, Austria patent for a
“therapeutical apparatus”

Electromagnetic coil placed over the skull was
noted to “pass vibrations into the skull and treat
depression and neuroses”

Webeesses.” Zevlretor
tAdreare A

%z‘ : ? __u-BerﬂFol .Bc!.t"
: ]
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TMS: HISTORY

= First “modern” TMS device - 1985 — Dr. Anthony Barker

Barker, AT —“Non-invasive Magnetic Stimulation of the Human Cortex

The Lancet |:1106-1107,
| 985.
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EARLY TMS DEVICES —- MOTOR CONTROL RESEARCH
TOOL — SINGLE PULSE
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COILTYPES AND RATIONALE

- Single coil: maximal A
magnetic field around the
edge.

- Figure-of-eight coil:
edges combine to createa ¢
focal point

- Capable of depolarizing 1cc
of neurons

- Focal point only penetrates
2-3cm into cortex

From Matt Edwardson, MD - Research Fellow and Acting A
Instructor, Dept. of Neurology, Univ. of WA \/ PARKER



EARLY TMS DEVICES — MOTOR CONTROL RESEARCH TOOL

= “Figure of
Eight” Coil
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TMS: MECHANISM

George MS. Sci Am. 2003;289:66-73.

‘ /
- o

- Maximum
field depth
.

|
Pulsed
magnetic

Magnetic field

Positioning frame Activated
neurons

neurons
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7/ .
o ~ Stimulated  Prefrontal
: ' Area Cortex

TMS: MECHANISM

Ferromagnet —

Magnetic _ -+ |
L Nl ) j Electrical energy in insulated coil on the
| ~ 4 scalp induces pulsed magnetic field of about
Induced | > | |.5 — 2.0 Tesla in strength

Elelt::iterllg B Passes through the cranium for 2-3 cm

In turn induces a focal electrical current in
. the brain
Limbic :
System Get desired local and distal effects on the
target neural circuitry

Delivered as single pulses or repeated trains
(rTMS)
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TMS - MECHANISMS

Some disorders show

improvement with focal
stimulation (MDD — DLPFC)

Others respond to more
regional stim (aphasia-tinnitus)

Potentially the greatest use of
TMS in neurorehab may be its
ability to cause increased
cortical excitability

An excited cortex undergoes
neuroplasticity more efficiently
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TMS — MECHANISMS

MODULATION OF NEURAL CIRCUITS: TMS AFFECTS THE FUNCTIONAL CONNECTIVITY WITHIN
AND BETWEEN LARGE-SCALE NEURAL NETWORKS, SUCH AS THE DEFAULT MODE NETWORK
(DMN) AND THE CENTRAL EXECUTIVE NETWORK (CEN)

A
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TMS: SAFETY AND CONTRAINDICATIONS

= rTMS technique is contraindicated for use in patients who have implanted ferromagnetic
devices or other magnetic-sensitive metal implants close to the magnetic coil

= Seizures — estimated at | per 30,000 — typically encountered with higher frequency
stim and in those with stimulation over the motor cortex (M1)

= Most recent studies indicate .0075%
= Short-lived headache in a band-like distribution (10% of patients)

= Auditory risk with newer devices is low — earplugs still used but sound is much lower in
new generation

(Wassermann and Lisanby 2001, Jennum and Klitgaard 1996 Pascual-Leone et al., 1993; Wassermann et al., 1996; Lisanby et al.,2001)
I\
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TMS-INDUCED SEIZURES IN HUMANS -LOW RISK

= Seizure induction w/ single pulse TMS - Healthy subjects: No cases reported to date.*
= Seizure induction w/ single pulse TMS - Patients: Approximately 20 cases reported.*

= Seizure induction w/ repetitive TMS - Healthy subjects: Approximately 6 cases when parameters
are outside of safety guidelines. | case when parameters are within safety guidelines.*

= Seizure induction w/ repetitive TMS - Patients: 3 cases.™

= Presenter’s experience of over 2,000 cases — 0 seizures

A
*(Berenson-Allen Center for Noninvasive Brain Stimulation, Harvard Medical School — 2008) VW PARKER



FOUNDERS IN

NORTH AMERICA

Initially developed as a motor control research tool — much credit to
Dr. Mark Hallet —-NIH

Research participants reported positive mood and emotional impact

First prominent promotor of TMS for neuropsychiatric use — Dr.
Mark George — MUSC
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INITIAL CLINICAL APPLICATION - NEUROPSYCHIATRY

Underlying premise of neuromodulation is that the brain is an electrochemical organ that can be
modulated by pharmacotherapy or devise-based (TMS) approaches or their combination

These new tools are changing neuroscience research, neurorehabilitation and neuropsychiatric
therapies

They validate and inform us about functional neuroanatomy

A
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DRUG THERAPY

OTHER ADVERSE EVENTS

Nervousness
Weakness

Abnormal Ejaculation
Constipation

Anxiety

Impotence

Diarrhea

Increased Appetite
Dizziness

Sweating

Decreased Appetite
Tremor

Drowsiness
Decreased Sexual Interest
Headache/Migraine

Treatment Discontinuation
Side Effects

lusommnia

Blurred
Dry Vision
Mouth

Fatigue

Nausea

Weight
Gain

Gl
Distress

Sexual
Dysfunction

TMS THERAPY

Scalp Pain or
Discomfort

OTHER ADVERSE EVENTS

Eye Pain
Toothache
Muscle Twitching
Facial Pain

Pain of Skin

In clinical tnals, fewer
than 5% of patients
discontinued treatment
with NeuroStar TMS
Therapy due to adverse
events

ADVERSE
EVENTS WITH

DRUG THERAPY-
SUICIDE
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Brain Stimulation
Overlapping
Clinical and Training Discig

TMS:
MULTIDISCIPLINARY
APPROACH
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PrioriTYy COMMUNICATIONS

A Controlled Trial of Daily Left Prefrontal
Cortex TMS for Treating Depression™

Mark S. George, Ziad Nahas, Monica Molloy, Andrew M. Speer,
Nicholas C. Oliver, Xing-Bao Li, George W. Arana,

S. Craig Risch, and James C. Ballenger

Background: Transcramial magnetic stimulation (TALS) is
a mew fachnology for nonirmvasively stimulating the brain.
Several studies have suggested that daily stimulation of
the left prefromtal covtex with TMS for 2 weeks has
probable antidepressant gffects. We conducted a pavallel-
design, double-masked, sham-controlled study to address
whether I weekz of daily TMS over the lgft prefronral
cortex has antideprezzant activigy greater than sham.
Methods: Thiryy medication-fres aduli outpatients with
nonpsychotic, major depressive (o = 21) or bipolar (n =
8} deprezsed phasel disordsr who were in a cwrrent
mgjor depression {Hamilten Rating Scale for Deprezsion
[HESD 2-item score of =18} were mreated sach weekday
Jor 2 weeks. Subjects were randomly assigned to receive
gither daily active (20 subjects) or sham (10 subyscts)
stimulation. Additionally, the 20 active subjects were
equally dividsd between slower (3 Hz) and faster (20 Hz)
freguency freatment. Antidepreszant response was defined
as greater than a 507 improvement in the baseline HRSD.
Results: detive TMS resulted in significantly morve re-
sponders (020) tham did sham (0710) (" = 042, p < .01).
The mumber of responders did nor differ signjficantdy
benween the rwo active cells (3710 fazter and 6/10 slower).
Exprezsed as a pevcent change from baseline, acrive TAMS
subjects had signjficamtly greater improvement en the
Beck Depreszsion Irventory az well ar the Hamilton Amx-
iery Rating Scale than did those who received tham.
Conclusions: Daily left prefromtal TMS for 2 wesks
significantly reduced depression symptoms greater than
did sham. The rwe forms gf active TMS freatment did not
differ significantly. Biol Psychiatry 2000;48:962-970
& 2000 Seciety of Biological Poychiatry

From the Brain Stimelation Laborsiory, Depariment of Paychairy (M5S0 24, MM,
B, X-BL, SCR, JCB) and Depamsenss of Radslogy (MS0) i Nesrology
[N, Metical Usivessity of South Caoding, ind the Depamsient of Payoi-
wory, Ralph H. Johsson Vetermns Affuirs Hoopital (M50 I, GWA), Charles-
v, Soasth Caroding; Biologsesl Povehisory Branch, Masonal Distoure of Mestal
Heahts, Bethesds, Marvlssd (AMS), and the Depammenst of Paychisory,
Shaagdong Medical Usivernity, Jinsn, China (X-BL)

Adidress pepnnt eequesis v Moek 5. Geongs, M.D., Dhresior, Funcoonsl Newroim-
aging Diveson, Paychiscry, Assocaie Professor of Peychuery, Radiclogy and
Pewrology, Madicel Univeracy of South Cuclsa, Depanmest of Radiology,
IT1 Ashley Avense, Cherdesion 50 2505

Hecerved May 5, 2000, pevised Aungust 24, 2000, secepisd Augua 24, 2000

© 2000 Socieny of Balogiesl Pryehisry

Key Words: Transeramal magnetic stinmlation, depres-
sion, prefrontal cortex, treatments, mood, emotion, clinieal
frials

*See accompanying Editonial in this 1ssue.

Introduction

ranscranial magmete stmulabon (TMS) 15 a pew

method for pommvasively stmmlatmg the bram
(George and Belmaker 2000; George et al 1999a). A bnef
but powerful alectrnic mmrent = passed through a small cod
of wires on the scalp. This penerates 2 powerful but local
magnetic field which passes unimpeded through the skull
and mduces a weaker focal electne cwrent m the bram
(Barker et al 1985; Foth et al 1991; Saypol et al 1991).
The highly locahzed TS magnetic field typically has a
strength of about 1-1.5 T (or 30,000 times the sarth’s
magnetic field or about the same mbensity as the static
magnefic field used in chnical magnetic reonance WazinE
[MEI]) (Bohming 2000). Although different coil designs
allow for a focal or more diffuse stmmlafion, current
technology 1= not able to shrmilate deep brain structures
directly. Transcramal magnetic stmmlation can be per-
formed in cutpatient laboratory settings and. unlike elec-
roconvulsive therapy (ECT), does not cause a seizre or
requre  anesthesia. Subjects usually nofice no adverse
effects except for occasional nuld headache and discom-
fort at the site of the shmmlation Recent technologic
advances led to the development of magnetic shmulators
that could repeatedly stmmlate faster than onee per second
(1 Hz). This, by convention, 15 called repetitive transcra-
nial magnetic shmulaton (FTS). There 15 some evidence
from work m amumals (Post et al 1997) and humans
(Pascual-Leome et al 1991, 1994) that stmmlaton at
different frequencies may have divergent and even antaz-
omste effects on newronal actvaty (Kimbrell ot al 1999;
Wassermann et al 1998), with higher frequencies exciting
the bram and slower frequencies inlubiting activity.

Chmeal depressions are very commeon, with one out of
five Amencans having an episede dunng then hfe
(Eessler et al 1994) Many depressions can be treated

D00 3 TIIANVERD 00
P SO0 332 5 D0 0 O

FDA APPROVAL

FOR MAJOR
DEPRESSIVE
DISORDER
(MDD) — 2008

LEFT DLPFC
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Acute Left Prefrontal Transcranial Magnetic
Stimulation in Depressed Patients Is Associated with
Immediately Increased Activity in Prefrontal Cortical as

well as Subcortical Regions
Xingbao Li, Ziad Nahas, F. Andrew Kozel, Berr)-r Anderson, Daryl E. Bohmng, and Mark 5. George

Background: Focal
unger the @
ltmbic regtons involved tn mood reg

s originally mre
sl produc

waied as a posenial
S i1 COomme

of sttmulanon as we
meditodorsal nuclens of

they relaie o x

Key Words: Brain networks, deprassion, fMRI, limbic system, pre-
frontal cortex, transcranial magnetic stimulation

INCREASED PREFRONTAL CTX
ACTIVITY POST TMS

From the Braln Stimulation Laboratory, Departmant of Psychilatry (40, ZN,
FAK, BA, MSG), Center for Advancad Imaging Research (XL, ZN, FAK, BA,

Address reprint requests to Dr. XIngbeo LI, Brain Stimutation Laboratory,
MUSC 0P, Room 502 North, 67 Presidant Streat, Charleston, SC 29425,
Recetved Octobar 8, 2003; revised Xanuary 7, 2004; accepted tanuary 13, 2004.
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HOW DOES TMS COMPARE TO PHARMACEUTICALS?

= George et al, Arch Gen Psychiatry, May 2010 — 30% remission, vs. 16%
Lithium augmentation

= Carpenter et al, 2012 — n=307 — 58% responded, 37% remission

WITH NO SIDE EFFECTS

A
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The American Journal of

HOW DOES TMS COMPARE TO PHARMACEUTICALS? Psychlatry

rTMS as a Next Step in Antidepressant
Nonresponders: A Randomized Comparison With
Current Antidepressant Treatment Approaches

Iris Dalhuisen, Ph.D. = , Irisvan Oostrom, Ph.D., Jan Spijker, M.D., Ph.D., Ben Wijnen, Ph.D., Eric van Exel, M.D., Ph.D., Hans van Mierlo, M.D., Ph.D.,

Dieuwertje de Waardt, M.D., Ph.D., Martijn Arns, Ph.D., Indira Tendolkar, M.D., Ph.D., and Philip van Eijndhoven, M.D., Ph.D. AUTHORS INFO &
AFFILIATIONS

Publication: American Journal of Psychiatry * Volume 181, Number 9 s https://doi.org/10.1176/appi.ajp.20230556

The study’s findings revealed a significant advantage for TMS over
traditional medication. "After 8 weeks of treatment, we found that the
group that received TMS had significantly lower depression rates than the
group that received medication during these 8 weeks," says Dr. van
Oostrom.

A
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GREEN INDICATOR =
ALIGNMENT OF THE
4 PARAMETERS

' [/| DISTANCE (XY)
[] cCONTACT
[ TiLT
[ ROTATION

TMS PROCEDURE FOR
DEPRESSION — F3 DLPFC

COIL PLACED OVER F3 ON LEFT SIDE (DLPFC) ON THE INTERNATIONAL 10-
20 EEG MONTAGE

\WPARKER



TYPICAL
PROTOCOLS FOR
DEPRESSION

Daily sessions lasting 20-30 minutes
4-6 weeks trial

If no response in | week modify protocol
or d/c — 20% chance of improvement

If no positive response in 2 weeks modify
protocol or d/c — 10% chance of
improvement

Motor threshold is obtained and recorded

Most protocols use stimulus 20% above
motor threshold or patient comfort

Patient comfort MUST be considered for
compliance - <4% on average do not
complete 6 week protocol

s
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ANTANETR NIRRTV TS

“OFF LABEL” USE OF
TMS — NON-FDA
APPROVED

®  Traumatic brain injury (TBI)
= Stroke rehabilitation

= Post-traumatic stress disorder
(PTSD)

= Tinnitus



Currently not FDA approved

TMS APPLICATIONS
IN TRAUMATIC
BRAIN INJURY
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REPETITIVE TRANSCRANIAL

MAGNETIC STIMULATION (TMS)
FOR CONCUSSION

\
? 2017 CMBECA40 Conference
/ Winnipeg MB

( May 23-26, 2017

REPETITIVE TRANSCRANIAL MAGNETIC STIMULATION (RTMS) AS A
TREATMENT FOR POST-CONCUSSION SYNDROME

Grant Rutherford®, Brian Lithgow'?, Behzad Mansouri!, Abed Sulieman®, Omid
Ranjbar Pouya!, Zeinab Dastgheib!, Xikui Wang!, Weijia Zhang®, Jennifer Salter?,
Zahra Moussavi'?

YUniversity of Manitoba, Canada,

ABSTRACT

As part of an ongoing study, a small group
of volunteers with post-concussion syndrome
(PCS) were given either real or sham rTMS
treatment. Thirteen treatment sessions over
three weeks applied 20 Hz rTMS to the left
dorsolateral prefrontal cortex. Assessments to
determine cognitive ability, memory,
depression symptoms, and PCS symptom
burden were done before and after treatment,
and twice following up at one and two months
post-treatment. Significant improvements were
found at two months post-treatment in the
measurement of symptom burden using the
Rivermead Post Concussion Symptoms
Questionnaire. This result suggests that rTMS
may be an effective treatment for some of the
symptoms of post-concussion syndrome.

INTRODUCTION

Repetitive Transcranial Magnetic Stimulation
(rTMS) is a technology that may have the
potential to help improve the symptoms of
post-concussion syndrome (PCS). rTMS
technology has already been shown to be
effective in the treatment of various
neurological and psychiatric disorders, such as
depression, schizophrenia, and Parkinson's
disease [1]. There are several reports of case
studies that show beneficial effects of rTMS
treatment on patients with severe traumatic
brain injury (TBI) [2, 3]. Also, a pilot study by
our lab has shown encouraging improvements
in cognitive and memory deficits of Alzheimer's
patients [4]. The ongoing study presented here
evaluates a similar rTMS treatment protocol as
that used in our Alzheimer’'s treatment study
for people with PCS.

2Riverview Health Centre, Canada

Concussion or mild TBI (mTBI) is the most
common form of traumatic brain injury.
Concussion is more frequent in teenagers,
young adults, males and people who are
engaged in high impact physical activities [5,
6]. Individuals who wusually sustain mTBI
develop neuropathological, neurophysiological,
and neurocognitive changes, which result in
physical, cognitive, and emotional symptoms. If
these symptoms persist long after the mTBI, it
is referred to as PCS. These symptoms, if not
treated, can last for months and years and may
be permanent and cause disabilities [7, 8].

Given that TBI imposes substantial medical
and socio-economic burden on patients and the
healthcare system [9-11], there is an urgent
need to develop an effective treatment
strategy. The current treatments for PCS
include medications [12] and psychological
treatments [13-15]. However, the
effectiveness of these treatments is still in
dispute [16].

The principle behind rTMS is the application
of a rapidly changing magnetic field to the brain
[17], which induces electrical fields and ion
currents. This causes neurons within a limited
area on the surface of the brain to either
depolarize or hyperpolarize. When applied over
the cortex, depending on the frequency of
pulses, rTMS can affect the excitability of the
region. It is believed that high frequency (>5
Hz) pulses of rTMS are able to increase cortical
excitability in a similar way to the effects of
Long-Term  Potentiation [18, 19]. The
procedure is non-invasive and easy for patients
to tolerate.

\¢ PARKER
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www.nature.comlscientificreports

TRANSCRANIAL SCIENTIFIC REPQRTS

MAGNETIC S

STIMULATION (RTMS) OPEN A Pilot Randomised Double-Blind
‘Study of the Tolerability and

efficacy of repetitive Transcranial

‘Magnetic Stimulation on Persistent

Received: 30 July 2018

Published online: 02 April 2019

Post-Concussion Syndrome

Zahra Moussavi*?, Abdelbaset Suleiman?, Grant Rutherford?, Omid Ranjbar Pouya?,
Zeinab Dastgheib(®?, Weijia Zhang?, Jennifer Salter?, Xikui Wang(®?, Behzad Mansouri'* &
Brian Lithgow! %5

This study investigates the effect of Repetitive Transcranial Magnetic Stimulation (rTMS) on persistent
post-concussion syndrome (PCS). The study design was a randomized (coin toss), placebo controlled,
and double-blind study. Thirty-seven participants with PCS were assessed for eligibility; 22 were
randomised and 18 completed the study requirements. Half the participants with PCS were given an
Active rTMS intervention and the other half given Sham rTMS over 3 weeks. Follow ups were at the end
of treatment and at 30 and 60 days. The primary outcome measure was the Rivermead Post-Concussion
Symptoms Questionnaire (RPQ3 & RPQ13). The results indicate participants with more recent injuries
(<12 month), who received Active rTMS, showed significant improvements compared to those of: 1)

. the same subgroup who received Sham, and 2) those with a longer duration of injury (>14 months) who
received Active rTMS, This improvement predominantly manifested in RPQ13 in the follow up periods
1and 2 months after the intervention (RPQ13 change (mean +- SD): at 1 month, Active=—21.8 + 6.6,
Sham= —2.2 +9.8; at 2 months, Active = —21.2 4+ 5.3, Sham = —5.4 +13.7). No improvement
was found in the subgroup with longer duration injuries. The results support rTMS as a tolerable and
potentially effective treatment option for individuals with a recent (<1 year) concussion.

In most cases of mild traumatic brain injury (mTBI), also called concussion, the symptoms disappear in the first
2 to 4 weeks'”, However, the symptoms can also persist for months or years following the injury; in that case, they
are referred to as persistent post-concussion syndrome (PCS)*“. Many authors consider symptoms lasting more
than one month as PCS**, however, the more conservative DSM-1V guideline defines symptoms lasting more
than 3 months as PCS°. The PCS symptoms include somatic symptoms (i.e., headache, blurry vision, anxiety, etc.)
and cognitive (i.e., confusion, memory) deficits'"*. In 20-40% of mTBI cases symptoms are still reported at 6
months post-injury’, and in 10-20% of cases symptoms are still present at 1 year and beyond'®. It should be noted
that some of the symptoms reported in® may have other causes besides mTBI.

Given that PCS imposes substantial medical and socio-economic burdens on patients and the healthcare
system''""%, there is an urgent need to develop an effective treatment strategy as well as quantitative methods to
monitor PCS recovery. The current treatments for PCS include medications'* and psychological treatments'®'7,
However, the effectiveness of these treatments is still in dispute’. In recent years a few studies have considered
applying repetitive Transcranial Magnetic Stimulation (rTMS) as a treatment for PCS/mTBI'*-2!.

rTMS treatment involves the repetitive application of a quickly changing magnetic field pulse to the brain.
The rapidly changing magnetic field induces an electric field and causes ions to flow in the brain tissue. These cur-
rent flows cause neurons in the area of effect to either depolarize or hyperpolarize. Depending on the frequency

*Biomedical Engineering, University of Manitoba, Winnipeg, Canada. “Riverview Health Centre, Winnipeg, Canada.
3Statistics Department, University of Manitoba, Winnipeg, Canada. “Neurology Department, University of Manitoba,
Winnipeg, Canada. “Monash Alfred Psychiatry Research Center, Melbourne, Australia. Correspondence and requests
for materials should be addressed to Z.M. (email: Zahra.Moussavi@umanitoba.ca)
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172 Transcranial Magnetic Stimulation
Improves Post Concussive Syndrome
Scores and DTI Metrics for Traumatic
Brain Injury

Liker, Jakob; Liker, Mark A. MD; Bierling, Tasha

Neurosurgery 71(Supplement_1):p 40-41, April 2025. | DOI:
101227/neu.0000000000003360_172

CONCLUSIONS:

INTRODUCTION:

According to the CDC, there were approximately 214,110 TBI related
hospitalizations in 2020, many continue to be burdened by post-
concussive symptoms affecting many aspects of their lives. Current
treatments involve symptomatic interventions only, thus a need to
provide adequate treatment for long lasting concussion symptoms.
Transcranial magnetic stimulation (TMS) has been shown to be effective

in treating PTSD and depression in a Veterans Administration population.

METHODS:

Nineteen patients who were diagnosed with ongoing symptoms of PCS at
least 3 months after injury underwent repetitive bifrontal TMS for a total
of 50 sessions. Rivermead Post Concussive Questionnaire (RPQ) and
Diffusion Tensor Imaging (DTI) metrics were obtained before and after
treatment.

RESULTS:

The average RPQ score for the pretreatment group was 32 while the post
treatment group’s average RPQ score was 22. A paired T-test was used to
analyze the difference in RPQ scores before and after treatment for each
patient. The T-Test was significant (p<.05), indicating that there is a
difference between the pre and post treatment concussion symptoms.

In conclusion, TMS significantly decreased late RPQ score and improved
DTI metrics, thus improving delayed post concussive syndrome

symptoms.

TMS AND TBI
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TMS AND TBI
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Efficacy of transcranial magnetic
stimulation treatment in reducing
neuropsychiatric
symptomatology after traumatic
brain injury

Gianna Carla Riccitelli***, Riccardo Borgonovo®,

Mariasole Villa', Emanuele Pravata®® and Alain Kaelin-Lang*?*

"Mon-Invasive Brain Stimulation Research Unit, Meurocenter of Southern Switzerland, EOC, Lugano
Switzerland, “Faculty of Biomedical Sciences, Universita della Svizzera ltaliana, Lugano, Switzerland,
Meuroradiology Research Unit, Meurocenter of Southermn Switzerland, ECC, Lugano, Switzerland,

‘Departrment of Meurology, Inselspital, Bern University Hospital, Bern, Switzerland

TvPE Brief Research Report
PUBLISHED 09 October 2024
ool 10.3389/fneur 20241412304

Discussion: These findings suggest that guided, alternating neurostimulation
of the DLPFC may modulate activity within cortico-striato-thalamo-cortical
circuits, providing a promising alternative for managing neuropsychiatric
symptoms in TBI patients who are resistant to traditional treatrments.
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TMS FOR STROKE
REHABILITATION

©  Stroke recovery - usually
subacute (after 2-3 mo): either
high frequency ipsilateral or
low frequency contralateral,
combined w/rehab

©  Typically, low-frequency rTMS
(<5 Hz) is characterized by
decreased cortical excitability,
whereas high-frequency rTMS
(25 Hz) is characterized by
enhanced excitability (Pascual-
Leone et al.,, 1998; Fitzgerald et
al., 2006)




oy 2SR
(3 SR, A a7
Doy o R 1

L Y VAR Rl L. N T T




{fromtiers in ORIGINAL RESEARCH ARTICLE
HUMAN NEUROSCIENCE i W SOV VS

b Hz repetitive transcranial magnetic stimulation over the
ipsilesional sensory cortex enhances motor learning after
stroke

Sonia M. Brodia', Sean Meehan®, Michael R. Borich' and Lara A. Boyd ™

" Dapartment o f Physica Thempy: Feculty of Medicne, Unierstyof Breish Colvmie, Vancowver, BC, Canada
* School of Kinesobgy, Uniarstyof Mighgan, Ann Arbor, M, US4

Editod by Sensory feedback is critical for motor leaming, and thus to neurorehsbilitation after
Snkangn 5. Magargan Unverstyof  stroke Whether enhancing senscry feedback by applying excitatory repetitive transcranial
Calfoma, San fancecs, US4 magnetic stimulation (FTMS) over the ipsilesional primary sensory comsx {I-S1) might
Roviowod by anhance motor leaming in chronic stroke has yet to be investigated. The present

The odora Zants, Linkarsityof
:,.m:gif?.w:;'ﬂ’; study investigated the effects of 5Hz rTMS over IL51 paired with skilled motor

Sando M. Kneg, Techncal practice on motor leaming, hemiparetic cutaneous somatesensation, and motor function.
Unarsty Munich ﬁﬂ'-'-"-r Individuals with unilateral chronic stroke were pseudorandomly divided into either
Phims £ Tampors, Uniiersty of Active or Sham SHz rTMS groups [n = 11/groupl. Following stimulation, both groups

Calfom, San Fansson, USA _ . X - ) . R
“Compondance: practiced a Serial Tracking Task {STT) with the hemiparetic arm; this was repeated for

Lara A Boys] Departmant of 5 days. Performance on the STT was quantified by response time, pesk velocity, and
Physicd Thempy, Uniersty of cumulative distance tracked at baseline, during the 5 days of practice, and at a noTMS
Breish Colrmbia, 2122 177 retantion tast. Cutanecus somatosensation was measured using two-point discrimination.

;‘:fr'?i__t”’fl::“‘“ Standardized sensorimotor tests wers performed to assess whether the effects might

omaif lam boyoubcca genaralize to impact hemiparetic arm function. The active 5Hz rTMS + training group
demenstrated significantly greater improvements in STT performance {response time
1Ry, zee0ay = 13.016, p = 0.0008B], pesk velocity [F1, meses =4.111, p=0.044] and
cumulative distance |Fp, zesgz = 4.076, p=0.044]} and cutanaous somatosensation
IR, 2115, = 8793, p = 0.007] 2cross all sessions compared to the sham rTMS + training
group. Measures of upper extremity motor function wara not significantly differant for
gither group. Cur praliminary results suggest that, when paired with motor practice,
EHz rTMS over 1-51 enhances mator laaming related change in individuals with chronic
stroke, potentially as a conseguence of improved cutanecus somatosensation, however
no improvament in general upper extremity function was observed.

Kaywords: repatitive ial magnetic stimulation, stroks,
axtramity, motor laaming

primary sensory cortex, upper

INTRODUCTION Repetitive transcranial magnetic stimulation (rTMS)' is a
Motor recovery typically plateaus by 6 months after stroke  non-invasive technique used to modulate local cortical excitabil-
{Hendricks et al, 2002), leaving 55-75% of individuals iy in a frequency-dependent manner (Maeda et al 0, for a
with chronic functional impairments of the hemiparetic arm  period of time that outlasts the duration of stimulation {Chen
{Gresham et al., 1995). Despite the newrclogical defcits after et al., 2003). Immediately following stimulation, the aftereffects
stroke, the capacity for motor kearning persists (Boyd et al.. 200%  may be capitalized on by pairing it with skilled motor practice
Vidoni and Boyd, 2009; Mechan et al., 2011a). This has led to  to promote use-dependent neuroplastic change (Cohen et al.,
an interest in adjunct interventions to positively augment motor  1998). As such, *TMS is a promising adjunct therapy for enhanc-
learning and further enhance functional recovery in chronic  ing the sensorimotor benefits of motor skill practice. Past work
stroke. has primarily considered the application of rTMS over the pri-

mary motor cortex (M1) in individuals with stroke. However, to
- date findings have been inconclusive, both when rTMS is deliv-
! Abbrevistions: rTMS, repetitive transcranial magnetic stimulation; M1 pri-  ered in isolation (Bopgio et al, 2006; Fregni et al., 2006 Carey
mary motor curtex; S1, primary sensory cortex; €TBS, continuous theta-barst oy 5| | 3010), and when it is paired with rehabilitation (Seniow
.’*"m"h"::: f__']“?ﬁﬁ:z‘::&‘%‘“‘::}:;?thﬁﬁé‘zﬂp‘:x et al, 2012 Talelli et al., ;-tIIII!_I. .]n:omistcnt r\e-su!ls may stem
diecrimination; WMET, Wolf Wotor Pancticn Test; BET, box and blocks test; from a number of factors, induding non-standardized stimula-
RMT, resting motor threshold; EMG, electromyograpby; MER, motor evoked 0 location within and across experimental sessions, a failure
patential; ECH, extensor carpi radialis. e pair rTMS with a well-controlled motor learning task, and an

A
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Induction of neuroplasticity and recovery in post—stroke
aphasia by non-invasive brain stimulation

Priyanka P Shah'?, Jerzy P Szaflarski®, Jane Allendorfer® and Roy H. Hamilton 12 #

" Dopartment of Nourcbgy: Unicarsty of Fonnsyians, Philec pha, P, U
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* Dapartmant of Neurckgy; Univarsity of Alabarrs at BimingFam, Himmingham, AL, US4

Edited by- Stroke victims tend to prioritize speaking, writing, and walking as the three most important
Iniversty of Abbama  rehabilitation goals. Of note is that two of these goals involve communication. This
A undarscores the significance of developing successful approaches to aphasia treatmant

Roviowsdby: - ] : ; .
[ — for the several hundred thousand new aphasia patients each year and owver 1 million

Edward Bub,
at Brrrangham, 1)

stroke survivors with chronic aphasia in the ULS. alone. After several years of growth
a5 3 research tool, nondnvasive brain stimulation (NBS! is gradually entering the arena
of clinical aphasiclogy. In this review, we first examine the current state of knowledge
of post-stroka lznguage recovery including the contributions from the dominant and
non-dominant hemispheras. Mext, we briefly discuss the methods and the physiologic
basis of the use of inhibitory and excitatory repatitive transcranial magnetic stimulation
[rTMS) and transcranial direct current stimulation tDCS) as research tools in patients who

Grandra Uswans,
Alabarrm at Birmingfam, L.
*Corm spondance:

oy HL. Hamlten, Department of

Hamiton Wk, Phibdlphia,

.{z 24 e axperience post-siroke aphasia. Finally, we provide a critical review of the most influential
omaiE n Y : evidence behind the potential use of these two brain stimulation methods as clinical
maif royhamitond P
r—— rehabilitative tools.
Kaywords: TMS, [TMS, fMIRL tDCS, rohabifitstion, aphasia
INTRODUCTION effectsare qull.c\'arlablc and are generally modest

Recently, non-invasive brain stimula-

Aphasia, defined as an impaired ability to communicate, is one

of the most feared symptoms of stroke. About 21-38% of acate
stroke survivors suffer from aphasia ( Berthier, a devastat-
ing neurological condition affecting a person’s ability to commu-
nicate and, thus, reintegrate into the society. It is a consequence
of damage in a widely distributed and complex language network
involving the fronto-temporal areas in the dominant hemisphere
{typically left). Aphasia usnally impacts all areas of communica-
tion including language formulation and comprehension as well
as the ability to read and write. These deficits are attributed to
damage in higher cognitive areas involved in language processing
rather than to areas involved in m,utol control of the articula-
tory structures (Allendorfer et al_, 2 ), although aphasia and
disorders of speech articulation often coincide.

The first 2 to 3 months after stroke are crucial for spentanecns
nenroplasticity, which refers to the namral course of neurophysi-
nlogunl repair and cortical rwrl.(amulmn of language functions
rertson and patrick, 2008). During this period, restora-
tion of some language functions is common and usually fairly
rapid zar et al., 2008). However, the slope of spontaneous
recovery tends to level off within the first vear of stroke (Pede
etal., 1995; thi 5), resulting in chronic impairments in
languiage processing in many patients.

Despite availability of pharmacological treatments and
professionally-administered speech-language therapy (SLT), new
strategies e.g., adjuvant therapies, are required to boost recov-
ery, especially in the chronic stages of stroke. While SLT is the
most commonly employed treatment of aphasia, its therapeutic

5, including repetitive transcranial magnetic
stimulation (rTMS) and transcranial direct current stimulation
{tIMCS) have shown promise as potential approaches for enhanc-
ing aphasia recovery. A number of research smdies employing
these techniques, especially repetitive rTMS, have reported last-
ing improvement in specific language functions in patients with
chronic post-stroke aphasia. In addition to behavioral improve-
ment, evidence of induced newroplasticity has further validated
the efficacy of these interventions. However, application of thera-
pentic NES within few days after stroke i_e., in sub-acute and acate
phase, is still in its infancy.

In this article, we will explore the neuroplastic processes that
underlie spontaneous recovery in patients with aphasia, and
present the methods and discuss the physiologic basis of NBS
techniques. Next, we will discuss recently published and influen-
tial work in which NBS has been used to enhance recovery from
post-stroke aphasia_ Lastly, we will review studies that investigate
the effect that NBS has on nenroplasticity in patients with aphasia;
specifically, we will examine studies that address the functional
nenroimaging and electrophysiologic correlates of neuroplastic
changes after brain stimulation.

NEUROPLASTICITY IN SPONTANEOUS RECOVERY OF
POST-STROKE APHASIA

Converging evidence indicates that recovery in post-stroke apha-
sia is supported by compensatory changes in the represen-
tation of language functions, either involving recruitment of

Frontiers in Human Neurosclence

www frontlersin.org
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Repetitive peripheral magnetic stimulation
alone or in combination with repetitive
transcranial magnetic stimulation

in poststroke rehabilitation: a systematic
review and meta-analysis

Yong Wang ", Kenneth N. K. Fong'*", Youxin Sui'", Zhongfei Bai* and Jack Jiagi Zhang'"

Journal of NeuroEngineering
and Rehabilitation

Abstract

Objective This study aimed to comprehensively review the effects of repetitive peripheral magnetic stimulation
(rPMS) alone or in combination with repetitive transcranial magnetic stimulation (rTMS) on improving upper limb
motor functions and activities of daily living (ADL) in patients with stroke, and to explore possible efficacy-related
modulators.

Methods A literature search from 1st January 2004 to 1st June 2024 was performed to identified studies that
investigated the effects of rPMS on upper limb motor functions and ADL in poststroke patients.

Results Seventeen studies were included. Compared with the control, both rPM5 alone or rPMS in combination
with rTMS significantly improved upper limb motor function (rPMS: Hedge's g=0.703, p=0.015; rPMS + rTMS: Hedge's
g=0.892, p<0.001) and ADL (rPMS: Hedge's g=0.923, p=0.013; rPMS5 +rTMS: Hedge's g=0.923, p<0.001). However,
rPMS combined with rTMS was not superior to rTMS alone on improving poststroke upper limb motor function and
ADL (Hedge's g=0.273, p=0.123). Meta-regression revealed that the total pulses (p=0.003) and the number of pulses
per session of riPMS (p < 0.001) correlated with the effect sizes of ADL

Conclusions Using rPMS alone or in combination with rTMS appears to effectively improve upper extremity
functional recovery and activity independence in patients after stroke. However, a simple combination of these two
interventions may not produce additive benefits than the use of rTMS alone. Optimization of rPMS protocols, such as
applying appropriate dosage, may lead to a more favourable recovery outcome in poststroke rehabilitation.

Keywords Stroke, Upper extremity, Peripheral magnetic stimulation, Transcranial magnetic stimulation, Cortical
excitability

Conclusions Using rPMS alone or in combination with rTMS appears to effectively improve upper extremity
functional recovery and activity independence in patients after stroke. However, a simple combination of these two
interventions may not produce additive benefits than the use of rTMS alone. Optimization of rPMS protocols, such as
applying appropriate dosage, may lead to a more favourable recovery outcome in poststroke rehabilitation A
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TMS AND PTSD

Repetitive transcranial
magnetic stimulation(rTMS)
has been found to be effective
for treating PTSD, but
whether different frequencies
have different effects remains
controversial.

LF rTMS can reduce overall
PTSD and depression
symptoms. HF rTMS can
improve the main and related
symptoms of PTSD

Jeumal of Pryc hiammic Research 25 (2017) 25135

Contents lists available at ScienoeDirect

Journal of Psychiatric Research

journal homepage: www.eglsevier.com/locate/psychires ﬂ\-

Different frequency repetitive transcranial magnetic stimulation @e‘mm
(rTMS) for posttraumatic stress disorder (PTSD): A systematic review

and meta-analysis

Tingting Yan, M.D., Ph.D. *", Qinglian Xie ®, Zhong Zheng, M.D., Ph.D. ©, Ke Zou ®,

Lijuan Wang, M.D., Ph.D.
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Posttraumatic stress disorder (PISD) is a psychiatric disorder. Repetitive transcranial magnetic stimu
Latian (rTMS) has been found to be efective for treating FTSD, but whether different frequendes have
different effects remains controversial We conducted this systematic review and meta-analysis to
aldre <3 this question. 'We s= arched the liter ature for studies written in English or Chineses in 9 elsctranic
datshase s from the databeses nception to August 1, 2006. Additional artides were identified from the
reference lisis af identified studies and from personal reference collections. Eighteen articles wene
inchuded, and 11 were suitable for the meta-analysis(Combined sample size was 377 (217 in adive rTMS
groups, 160 in sham -contral led groups |} Low-frequendy (LF) rTMS resulted in 2 significant reduction in
the PTSD tetal scare and the depression saore (1. PTSD mtal score: pooled SMD, 092; CL Qi1-172; 2
De=pre smian: pavaled SMD, 0054, 0,0 08—100) High- frequency (HF) rTMS shawed the Bllowing results: 1.
PTSD total score; poaked SMIL 324; O 224425, 2 re-experiencing: poaled SMD, -137; (1 -2.49
(-1.04); 1 Avoidance: pooled SMD, -157; CL -2504-084); 4 hyperarousal: poaled SMD, —132;
Ol -247-(-047); & depresion: poolsd SMD, 192; CL 080—303; and & Ansdety : poaled SMD, 2.67; CL
1.82—352 Therefare, both HF and LF rTMS can alleviate PTSD sympioms. Although the evidenes i
extremely limited, IF rTMS can reduce overall FTSD and depression sym ptoms. HF rTMS Gn im prove the
miain and related symptoms of FISD. However, additional research is needed to substantiate these
findings.

& 2017 BEsevier Ltd. All rights reserved

L Introducton

of 7% ( Ke=ler et al., 2005a, 2005hb, 1995). For the affected person's
family, PTSD & a huge economic burden (Thomas et al., 2000).

Posttraumatic stress disorder (PT50) & a chronic psychiatric
disorder that commanly oCCurs among trauma vivors In recent
years, researchers have started to recogn ize the characteristics of
this complicated mental disorder. According to Diagnostc and
Statistical Manual of Mental Disprders-1V (DSMAV], PTSD s char-
acterized by three maln sympiom clusers re-experencing
avoldance and hyperamusal (APA, 1994) In the United States,
Pr5D has a 12-month prevalence of 3.5% and a lifetime prevalence

& Conmesponding ausar.
E-mll atbdress: tirgin g yanSsdqq oom (T. Yam)

hitp:) jdv dolorg OIS jpsychines 20 TTO2 021
DOEE-39550 20T Elsewlar Ll Al rights ressneed

In bwn- thinds of patlents, FTSD symptoms can be alleviated with
commanly used treatment methods (AP, 2004; DL G. Baker et al.,
2009; Cloitre M., 2009; Kessler et al, 10095; Instute of Medicine
Committee on the Treatment of Pestraumatic Stress (nstinte of
Medicine wnittee on Treatment of Pettrmumatic Stress
Dizorder, 2007). However, the symptoms of the remaining one-
third of patients are very difficult to treat (Bisson and Andrew,
2007, Kessler et al, 1995; 5tein et al ., 2006)

Repetitive transcrandal magnetic stimulation (rTMS) is a new,
noninvasive technigue that alters brain activity through repeated
changes of the coll's magnetic field. This medulatdon effect can
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Brief Communication

Transcranial magnetic stimulation for posttraumatic stress
disorder: an updated systematic review and meta-analysis

Estimulacdo magnética transcraniana para transtorno de estresse pos-
traumatico: revisao sistematica de literatura e metanalise

Alisson Paulino Trevizol,* Mima Duarte Barros,” Paula Oliveira Silva,* Elizabeth Osuch,® Quiring Cordeire,! Pedro Shiozawa®

Abstract

Introduction: Transcranial magnetic stimulation (THMS) is &
promising non-pharmacological intervention for posttraumatic
stress disorder (FTSD). Howewer, randomized controlled triaks
{RCTs) and meta-analyses have reported miced nesults.
Objective: To review articles that assees the efficacy of TMS in
PTSD treatment.

Methods: A systematic review using MEDLINE and other da-
tabases to identify studies from the first RCT available up to
September 2015, The primary cutoome was based on PTSD soo-
res (continuous variable). The main outcome was Hedges' g. We
used a random-effects model using the statistical padages for
meta-analysis available in Stata 13 for Mac 0OSX. Heterogensai-
ty was evaluated with I* (> 35% for heterogenedty) and the x*
tesst (p < 0.10 for heterogeneity). Publication bias was evaluated
using a funnel plot. Meta-regression was performed wsing the
random-effects model.

Results: Five RCTs [0 = 11E) were inclueded. Active TMES was
significantly superiar to sham TMS for FTSD symptoms (Hedges”
g = 0.74; 95% canfidence interval = 0.08-1.4Z). Heterogeneity
wixs significant in our analysis {I* = 71.4% and p = 0.01 for the
x* test). The funnel plot shows that studies were evenly distri-
buted, with just one study located marginally at the edge of the
funnel and one study located out of the funnel. We found that
exclusion of either study did not hawe a significant impact on
the results. Meta-regrescion found na particular influence of any
wvariable on the results.

Conclusion: Adive TMS was superior to sham stimulation for ame-
lioration of PTED symptoms. Further RCTs with larger sample stoes
ane fundamental to darify the precse impact of TMS in PTSD.
Keywords: Meta-analysis, posttraumatic stress disorder, trans-
cranial magnetic stimulation, non-pharmacological therapies,
systematic review.

Introducio: A estimulagio magnética transcraniana (EMT) &
uma intervencio no farmacolégica promissora no tratamenta
de transtomo de estresse pds-traumétions (TEPT). Mo entanto,
estudes controlados & metandlses apresentaram  resultsdos
conflitantes até o momento.

Objetivo: Revisar os artigos sobre a2 efichda da EMT para o tra-
tamento de TEPT.

Métodos: Condurimos uma resisio sistemdtics da Iterstura no
MEDLINE para identificar estudos controlados & mndomizados pu-
blicados até setembno de 2015 O desfecha primesing fol baseada
nas escalas de gravidade de TEPT como varidreis continuas. O des-
fecho principal fol © g de Hedges. Ltilizamoes 0 modelo de efeito
randdmico com as andlises estatisticas para metandlse do Stata
13 para Mac OSX. A heterogeneidade fol avaliada com o FF (> 35%
para heterogeneidsde) & o teste do ¥ (p < 0,01 para hetercgensi-
dade). Vids de publicaciio fol avaliado utilzanda-se o grifico do fu-
nil. Realizamos metamegressSes com modelo de efeito randdmioo.
Resultados: Cinco astudos foram incluides. A EMT atrva fol supe-
riar a0 placebo para o tratamento de TEFT (g de Hedges = 0,74;
intervalo de conflanca 55% = 0,06-1,42). A heterogeneidade en-
tre os estudos fol significativa em nossa andlse (IF = Fl 4% e p
= 0,01 para o teste do x*). O gréfico do funil nos mostrou estudos
simetricamente dstribuides, com apenas um estudo localizada
marginalmente 23 grifico & um estudo loclizado fora do funil
Encontramas que a exclsio de cada estude nfio alterow signi-
ficathamente o resultado final. A metarregressio n¥o mostrou
influéncia de nenhuma variével no resultada.

Conclusies: A estimulacSo atha de EMT fol superor & estimula-
¢#a simulada para melhora dos sintomas de TEPT. Novos estudas
randomizadas & controlados por simulacla slo necessinias para
esclarecer com melhor precisio o impacto da EMT no TEPT.
Descritores: Metandlise, trarstorng de estresse pds-traumdt-
o, estimulaglio magnética transcraniana, terapias no farmaco-
ldgicas, revislo sisterndtica.
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TMS AND PTSD

ACTIVE TMS WAS SUPERIOR TO SHAM
STIMULATION FOR AMELIORATION OF

PTSD SYMPTOMS
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Abstract

The objective was to synthesize results from studies that assessed symptom

RESEARCH ARTICLE

Explore the durability of repetitive transcranial relief after repetitive transcranial magnetic stimulation (rTMS) treatment for
magnetic stimulation in treating post-traumatic stress post-traumatic stress disorder (PTSD) and investigate the long-term

disorder: An updated systematic review and meta- . . .

analysis effectiveness of rTMS for treating PTSD. We searched multiple databases for
Guobin Xu, Geng Li, Qizhang Yang, Chao Li, Chengzhen Liuizy relevant randomized controlled trials of rTMS for PTSD treatment up to 1

First published: 15 July 2023 | https://doi.org/10.1002/smi.3292 | Citations: 1

January 2023. Two researchers evaluated the studies and focused on the CAPS
and PCL as outcome indicators. We used STATA17 SE software for the data
analysis. Eight articles involving 309 PTSD patients were analysed in a meta-
analysis, which found that rTMS had a significant and large effect on reducing
core post-traumatic symptoms [Hedges'g = 1.75, 95% Cl (1.18, 2.33)]. Both low

and high-frequency rTMS also significantly reduced symptoms, with the latter
TM S AN D PTS D having a greater effect. rTMS was shown to have a long-term effect on PTSD,
with all three subgroup analyses demonstrating significant results.
Interestingly, no significant difference in symptom relief was found between
the follow-up and completion of treatments [Hedges'g = 0.01, 95% CI (-0.30,
0.33)], suggesting that the treatment effect of rTMS is stable. The meta-
analysis provides strong evidence that rTMS is effective in reducing the
severity and symptoms of PTSD in patients, and follow-up studies confirm its
long-term stability.
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Transcranial magnetic stimulation for @
tinnitus: using the Tinnitus Functional
Index to predict benefit in a randomized

controlled trial

Sarah ML Theodoralf= | Susan E Griest™ and Ra
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Background

Memsures of tnnitus distres or severty are often wsed
s evaluate to what dree_grv.-e-. palienis beneft from an
imtervention. Unfortunately, the majority of ind niments
designed 1o measure tnniles sevedly were not devel-
oped b st treatment outcomes [1]. Medkde et al [2]
disciss the diginction between outcome measunes do-

dgned for screening purpodes versus measums designed

by Rasaanch, W Fomaind
ariml Road (RICRAR - F5), Podand

goicagy, Head-SieceSogery, Onegan Healsh and
m achson Fark Road 3

s evaluate treatment P PO Ve e that i, to detect
improvement over bme. [t i esential that the owloome

measures accurately sseds the tnnites severdty (vali

and do 0 with minimum emor (reliability). Ideally, dini-
chans we an evidence -based approach in making a deci-

sion regarding the best method o assess tnnile

therapy. Following the modsl of evidence-based medi-
cime allows cinicians to integrate their dinical expertise
with evidence Fom systematic msearch to guide their
decidon-making on how best o evaluate and trest pa-
tents However, evidence & lacking regarding the best
way Lo asses and treat tinnites, Therefore, at the
current tme, dinidans muod rely mainly on their ¢linical
experences and judgment reganding the best course of

TMS INTINNITUS

Higher severity leads to better response

Overall response good but largest chang

noted in higher indicies
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Single-Session of Combined

TMS IN TI N N ITUS tDCS-TMS May Increase Therapeutic

Effects in Subjects With Tinnitus

Eun Bit Bae """, Jun Ho Lee* and Jae-Jin Song™

E

rTMS alone and rTMS combined .d
with tDCS

Combo group 80% response

Frontal tDCS and temporal
rTMS

direot cument stimulation, transcranial magrneSo stimulation, neurcmodulation,
timnitus handicap inventory, tnnitus intensity, tinnitus distress, tinnitus perception

INTRODUCTION




Innovations in Tinnitus Research: Original Artide

Trands i Haudng
Vi 23 1=M

Neuronavigated Versus Non-navigated & DAty 19
Repetitive Transcranial Magnetic st comjourmb parsisdons

Stimulation for Chronic Tinnitus: P
TMS IN TINNITUS A Randomized Study o

Hanna Sahlsten', Anu Holm?, Esa Rauhala?, Mari Takala?,

Eliisa Loyttyniemi®, Max Karukivi®®, Johanna Mikkila®*,

Kirsi Ylitalo®, Janika Paavola’, Reijo Johansson®, Tero Taiminen®,
and Satu K. Jiiskeliinen'?

Abstract

= TMS very effective —
responder rates 35-85% e o sy o P rops s condsced 2o compare he afcs of s e THS 8 o rfaed

rTMS in chronic tinnitus. Forty patents (20 men, 20 women ), mean age of 529 years (smndard deviation [SD]= 1 1.7}, with a
mean Snniws duration of 5.8 years (80 =32) and a mean tinnicus imensicy of 62.2/1 00 (S0= 12.8) on Visual Analog Smle
(VAS 0—100) participated. Patents received 10 sessions of |-Hz rTMS @ the left temporal area overlying auditory cortex

u COII POSItlon appears to with or without neuronavigation. The main cutcome messures were WAS scores for dnnitus intensity, annoyance, and

distress, and Tinnious Handicap Inventorey (THI) immediately and at 1, 3, and 6 months afrer meamient The mean tnnitus

b f M 'f' intensity (hierarchical linear mixed model: /=734, p=0008), annoyance (=445 p=.0093), dcmess (=504,

not e O Slgnl |Cance p=A0051}), and THI scores (Fy=17.30, p< 0001) decreased in both groups with non-significant differences between the
groups, except for gnnitus intensity (F; =296, p = 0451) favoring the non-ravigated rTM5. Reduction in THI scores per-

sisted for up to & manths in both groups. Cohen's d for dnnitus intensity ranged between 0.33 and 047 in navigated rTMS and

between 0.55 and 1.07 in non-navigated rTM5. The responder rates for WAS or THI ranged between 35% and 85% with no

differences between groups (p = 054-1.0). In conclusion, rTMS wa effective for chironic tinnitus, but the method of cail
localization was not a critical factor for the treatment cutcome.

Keywords
tnnitus, transcranial magnetc simulaton, THS, rTMS neuronavigated

Dare receteed: 17 August 20 18 revsed 26 Movember 2018; aoepred: 5§ Deosmber 2018
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Tinnitus is the perception of sound in the absence of an o ¢ of Ear Mose and Throat Saak Haspicd D Pori.
external sound source. lis prevalence s 10% to 15% inthe  Frland
general population, increasing with ape and after noise  "Degartment of Medical Physics, Turku Uniersity Hosperal, Findand
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Langguth, Landgrebe, Kleinung, Sand, & Hajak, 2011). Corresponding author:
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SUMMARY OF TMS

TMS is a very safe and effective tool for major
depression disorder (MDD) without the side
effects of pharmaceuticals

TMS is FDA approved currently for MDD and
OCD

TMS is an evidence-based tool to assist in the
management of Stroke patients with motor deficits
and aphasia

TMS is an evidence-based tool for treatment of
those with PTSD (FDA soon?)

TMS is showing great promise as a treatment
option for those with tinnitus
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TRANSCRANIAL
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TRANSCRANIAL
DIRECT
CURRENT
STIMULATION
(TDCS) - HISTORY

Aldini, 1804
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OBJECTIVES: TDCS

History of tDCS
Putative physiology of mechanisms

Contraindications and potential risks
of tDCS

Review of literature for the role of
tDCS in traumatic brain injuries

Overview of applications of tDCS in
the management of traumatic brain
injuries

Use of tDCS for depression
Use of tDCS for insomnia
Off label uses of tDCS
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Anode Za Cathode
positive | . \negative

\ - 7 ¥ . /
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Direction of current flow
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PUTATIVE PHYSIOLOGY: METHODOLOGY

Surface EMG Recordings of TMS
induced Motor Evoked Potentials
(MEPs)

A DCS electrode configuration
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,\ Tendon

Belly

Abductor digiti minimi muscle
of the hand (ADM)

Ag-AgCl
electrodes are
placed in a
“belly-tendon
montage”
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PRIMARY MOTOR CORTEX

Primary motar cortex

Primary Somatosensory
cortex

Central sulcus

Lateral Fissure

Primary Auditory cortex

Wrist (A)
Wrist (B)
Forearm
Elbow
Foot
Saccade
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Pyrimidal Tract Neurons:

Corticospinal-Upper motor neurons originating

in layer 5 of the cortex terminate in spinal cord and
innervate lower motor neuron
Corticobulbular-terminate in brainstem

Motor and descending (efferent) -
pathways (red) l ;

Pyramidal tracts
- Lateral corticospinal tract
- Anterior corticaspinal tract

Extrapyramidal Tracts
- Rubrospinal tract
- Reticulospinal tracts
- Olivespinal tract
- Vestibulospinal tract

Decussation of pyramids

Aunderior cerchrospinal faseiculus
Lateral cercbrospinal fasciculus

wam Anderior nerve yools
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TDCS MODIFIES ‘CORTICAL

EXCITABILITY’

A 15 4sec stimulation ending with

o 50ms recording
—_ O anodal stimulation
cathodal stimulation
= Cathode (- terminal)
& 1251
o5
35
£3
e
— *
8% 10 +--L-cason
£ 3 T
3 %
38 77
& @ 075
=
m-cf T
N=10; 1ImA 92 °

Nitsche & Paulus. (2000) J Physiology 527.3: 633-26239 9 PARKER



EFFECTS LAST AFTER STIMULATION

@

% 15 - Duration=5 min

v * * Strength=1 mA

< N=19

«

.0

& 1.25-

s |

£

17 —{1— anodal

(=

Y TRS——— . -

s |

; —O— cathodal

% 0.75-

L

N

wy

0

206 /f— ' ' ' —/—
1 & 3 4 5 10

Time (min)

Nitsche & Paulus. (2000) J Physiology 527.3: 633-26:39 9 PARKER




EFFECTSARE DEPENDENT ON

DURATION & STRENGTH

MEP size after anodal stimulation / baseline

Time {min)

@

1.5 7 —>~ 1 min stimutation
~A~ 2 min stimulation

== 3 min stimulation | Strength=1mA
=0~ 4 min stimulation
-1 5 min stimulation

Filled shapes are
Significant p>0.5

1.251

MEP size after anodal stimulation / baseline

1 2 3 4 5 10

Time {min)

Nitsche & Paulus. (2000) J Physiology 527.3: 6332639 \A.a PARKER



PROLONGED EFFECTS OF ANODAL

TDCS

MEP size after current stimulation / baseline

| J | L | | | L | | | | | | | | | | | | J | |
1 5 10 15 20 25 30 35 40 45 50 55 60 90 120 150 min
Time after current stimulation

Strength=1mA
N=12

Nitsche & Paulus. (2001) Neurology 57: 1899-1901 25 \AO‘ PARKER



PROLONGED EFFECTS OF CATHODAL

1 5 10 15 20 25 30 45 40 45 50 55 &l 80 120mm
firm after IDCS

Strength=1mA

N=12
Nitsche et al. (2003) Clinical Neurophysiology 114(4): 600-604
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NON-LINEAR EFFECT OF CATHODAL

TDCS

B

1.8
z
= 1.6
@
814
@
g 1.2 1
2

" .
5
& 0-8 1 Duration=20min
=06 e N, 4=14
@ N & & & <O N, =9
O & N & & R 1mA
o~z Q S o @0 @\0

Time course after tDCS

- 2mA cathodal stimulation —O—1mA cathodal stimulation

Batsikadze, et al. (2013). J Physiol 591(7): 1987-2000 7 A
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SAFETY OF TDCS

D.05

01

= 63% of studies report | mild ‘adverse effect’

= ltching, tingling, headache, burning sensation,
discomfort

= However:
= Active tDCS Rate = Sham Rate
= Except:

= Skin reddening (Tx w/ Ketoprofen)

Fregni et al. (2014). Clinical Research and Regulatory
Affairs, [Early Online]: |-14.
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SAFETY: SERIOUS ADVERSE
EFFECTS

Review: No “serious adverse events” since 1998 in
>10,000 subjects

1964 study:“respiratory and motor paralysis”
Bifrontal anodal electrodes with leg cathode
|Ox intended current strength (likely ~3mA)
DIY-tDCS concerns

Fregni et al. (2014). Clinical Research and Regulatory Affairs, [Early
Online]: |-14.

Lippold O. C. J., & Redfearn, J. W. T. (1964). Mental changes resulting from the
passage of small direct currents through the human brain. 110(469): 768-772
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SAFETY: PHYSIOLOGICAL EVIDENCE

No pathological changes in:

= Serum enolase (marker of neuronal
damage)

= HRV
= EEG

|00x the charge density used in humans is
required to cause brain damage in rats

= Discomfort in humans starts at 2-3x

Fregni et al. (2014). Clinical Research and Regulatory
Affairs, [Early Online]: |-14.
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SAFETY:STANDARD
PARAMETERS

= Current strength <2.5mA
= Duration <60min

= <2 sessions per day

= This does not imply going beyond
these parameters is not safe

Fregni et al. (2014). Clinical Research and Regulatory
Affairs, [Early

Online]: I-14.




Long term usage

SAFETY:

NKNOWNS Need for
more studies
on safety
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“Medical device”

Most stimulators are Class |

“Investigational Device Exception” approval

“non-significant risk” exception “expedited IDE”

NSR overwhelmingly applied

“Minimal Risk”

“not approved” for any specific condition but is FDA low risk and allowable for off

label use
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Maqnedo Nux dossity

TDCS: OFF LABEL
USES

®  Traumatic brain injury (TBI)

= Depression

® |nsomnia

= PTSD

= Tinnitus

= Stroke Rehabilitation

10.150
0.075
0



TDCS: TRAUMATIC

BRAIN INJURY

= Not FDA approved — EU approved

= Commonly used off label to
increase cortical excitability for
rehabilitation

posteridr-anterior 40 (LR EL - UsedinTBI frequenty

Research using tDCS has been
growing exponentially

TBI research expanding as well and _
results are very promising .i\.’

1
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Journal of NeuroEngineering
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REVIEW Open Access

Transcranial direct current stimulation for ~ ®=
the treatment of motor impairment
following traumatic brain injury

Wan-Seak Kim', Kiwan Leg®, Seonghoon Kim®, Sungmin ha® and Nam Jang Paik'

TDCS:
TRAUMATIC
BRAIN INJURY

Abstract

After traumatic brain injury (TEIL, motor impairment i less comman than neurooognitie or behasvioral problems
Howwever, about 30 of TBI sunavos have reponed matar daficits limiting the activities of daily Iving or pa rocipation
After acute primary and sscondary injuries, there ae subssquent changss including increased GABA-mediated
inhibition dunng the subacute stage and neuroplastic altemtions that are adaptive or maladaptie during the chonic
stage. Therefore, timaly and appropna® neun maodulation by transcran gl disct current stimulation §#0C5) may be
beneficial to patients with TH for neuroprotection or restoration of malada ptive changes

Techmalogically, combination of imaging-based maddliing or simulansous brain signal maonitaring with 1D could
result ingeater indnidualized aptimal targeting allowing a more Evorable neuroplasticity after TEL Mareower, 3
combination of task-orented training wsing wirtual reality with tDC5 can be considesd as a potent t=lershabilitation
toal in the home setting, inoreasing the dose of ehabilitation and neuromaodulation, resulting in bether maotar

TEC CETY,

This reviaw summanzes the pathophysokogy and possible neuroplastic changes in TEI, as well as provides the genesl
concepts and current evidence with espect to the applicability of tDCS in motor recovery. Thiough s endeavors, it
aims to provide insights on further successful davelo pment and clinical application of tDCS in motor shabilitation afer

TH

Keywords: Traumatic brain injuries, Transcranial dirsct currsnt stimulation, Recoverny of function, Rehabilitation,
Meuronal plasticity, Electmencephakagrap by, Functional near infaed spectoscopy, Virual sality

Background

Trawmatic brain injury (TBI) i defined 2 “an aliestion in
brain function (s of consciousnes, pod-rasmatic am-
nesia, and neurdoge deficis) or other evidence of brain
pmathdogy (vismal meuroradiologic, or bbomtory oomfirm-
ation of damage to the brain) cawsed by extemal force™ [1].
The incidence and prevalence of TBI ane aibstantial and in-
coeasing in both developing and developed countries TBI
in older age growps dwe 1o Glling has been o the dse in e
cenl years, becoming the prevalent condition in all age
goups [2, 3. TBI cauwses broad spectrum of imp iments,
including  cognitive, psywchological  semsory  or  maolor

*Cormspondence njfsigonac e

‘Depamment of Rerabitagon Medicre, Seoul Nagom | Univerdsy Colege of
Medicires, ool Masioral Uriversing Bundang Hospial, 27, Gumieo 173
Beonegl, Bundanggu, Seongrames) Geeongghdo 3E0 Repabic o Foea
Ful lisx of 2 ushor inberaton & awiabie o e end of the amce

imypairmeents [4, 5], which may incresse the socioeconomic
bundens and educe the quality of il [6 7). Although
muvlor inpairment, such as limb weaknes, git distudance,
balance problem dydonty or spagicity, B les commem
than mewnoognitive of belavioral problems after TBL, alsout
308 of THI survivirs have mepoded motor deficits that s-
verely limited activities of dally lhving o participation [8].
Maotor impaimment after TBI & caused by both Focal
and diffise damages, making it dificult to determine the
precise amalomo-clinical correlations [9, 10]. Acconding
W previows dinical aedies, recovery alter TBI also
seemd worse than that after stroke, although the newm-
plasticity afler TBI may also play an important mle for
recovery [11]. Themibre, a single unimodal approach for
mivlor recovery, incleding comentional rebabiitaton,
may be limiting, and hence, requiring a novel thera-
pewtic madality bo imp mve the outcome after TBL

A
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TDCS: TRAUMATIC BRAIN INJURY
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Cerebral Hemodynamics after Transcranial Direct Current
Stimulation (tDCS) in Patients with Consequences of Traumatic
Brain Injury

Alexey O, Trofimov!, George Kalentiev!, Michael Karelsky'!, Cristina Ksenofontoval,
Alevtina Ruzavina®, Michail Yuriev?, and Denis E. Bragin®

'Department of Meurosurgery, Nizhniy Movgorod State Medical Acadeny, 10/1, Minin Str., Nizhniy
MNovgored, 503850, Russia

*Department of Neurosurgery, University of New Mexico School of Medicineg, 1 University of Mew
Mexico, MSC 10 5615 Neurcsurgery, Albuquerque, MM 87131, USA

Abstract
In recent vears, kopes for better treatment of traumztc brain myury (TBI) have forused on non-
pharmacolopie transeramal electrical braim stoomlafion: however, studies of perfision changes
after stmmmlation are fewr and confradictory. Therefore, the aim of this study was to assess cersbral
perfusion after gh-defimfion transeramal direct cunrent stowlahon (HD-DCS) 1n patients with
postiraumatie encephalopathy (PTE).
Methods.—Twenty patients with FTE (16 men and 4 women aged 35.5 = 14.8 vears) inderwent
perfusion computed tomography (PCT), followed by anodal HDADCS and post-simulation
tomography at 21 days after TBI. The Westermark perfusion maps were constructed and
quantitative per-firsion parameters caleulated. Sipmificance was preset to P = 00035,

Results.—(halitative analyzis revealed that all patients had areas wath reduced cerebial blood
flow (CBF) and meveased sverage mean transit time (MTT). HD-DCS was accompanied by a
signmificant decreaze m the number of zones of both bypoperfusion and 1scherma (p = 0.05).
Chzantitatree anabysis showed that, in all patients, HDADCS caused a significant increase m CBF
{p = 0.001), cerebral blood vohmes (CBV) (p< 0.01) and MTT shortening (p < 0.05) in the
frontotenporal region on the anode side. In the basal gangha, a agmficant inerease mn CBF was
found only n the 5 patients in whem this was mitially reduced (p < 0.01) and onky with an anode

placed on the same s1de.
Conclusions.—In pahents with conplications due to FTE TBIL HDHDCS causes a sigmificant
merezse m CBY, CBF and 2 decrease in the average MTT, suggesthing better corygen delmvary to

tissue. \V PARKER

UNIVERSITY



Transcranial direct current
stimulation (tDCS) effects on
traumatic brain injury (TBIl) recovery
A systematic review

TDCS: TRAUMATIC
BRAIN INJURY

Ana Luiza Zaninotto’, Mirret M. El-Hagrassy?, Jordan R. Green', Maira Babo®,
Vanessa Maria Paglioni®, Glaucia Guerra Benute®, Wellingson Silva Paiva®

ABSTRACT. Traumatic brain injury (TBI) is a major cause of chronic disability. Less than a quarter of moderate and severe
TBI patients improved in their cognition within 5 years. Non-invasive brain stimulation, including transcranial direct
current stimulation (tDCS), may help neurorehabilitation by boosting adaptive neuroplasticity and reducing pathological
sequelae following TEl. Methods: we searched MEDLINE/PubMed and Web of Science databases. We used Jadad
scale to assess methodological assumptions. Results: the 14 papers included reported different study designs; 2
studies were open-label, 9 were crossover randomized clinical trials (RCTs), and 3 were parallel group RCTs. Most
studies used anodal tDCS of the left dorsolateral prefrontal cortex, but montages and stimulation parameters varied.

0.4 Multiple studies showed improved coma recovery scales in disorders of consciousness, and improved cognition on
m neuropsychological assessments. Some studies showed changes in neurophysiologic measures (electroencephalography
= (EEG) and transcranial magnetic stimulation (TMS), correlating with clinical findings. The main methodological biases were
? lack of blinding and randomization reports. Conclusion: tDCS is a safe, non-invasive neuromodulatory technique that can
- be given as monotherapy but may be best combined with other therapeutic strategies (such as cognitive rehabilitation

and physical therapy) to further improve clinical cognitive and motor outcomes. EEG and TMS may help guide research
due to their roles as biomarkers for neuroplasticity
Key words: traumatic brain injury, neuronal plasticity, rehabilitation, non-invasive brain stimulation, transcranial direct

current stimulation.
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TDCS: TRAUMATIC BRAIN

| NJ URY Research Article

Anodal Transcranial Direct Current Stimulation Provokes
Neuroplasticity in Repetitive Mild Traumatic Brain Injury in Rats

Motor tDCS

Al A2
Peaki0.22Vim

Ho Jeong Kim' and Soo Jeong Han®

'Department of Rehabilitation Medicine, Seonam Hospital, Ewha Womans University Medical Center, Seoul, Republic of Korea
*Department of Rehabilitation Medicine, School of Medicine, Ewha Womans University, Seoul, Republic of Korea
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Repetitive mild traumatic brain injury (rmTBI) provokes behavioral and cognitive changes. But the study about electrophysiologic
findings and managements of rmTBI is limited. In this study, we investigate the effects of anodal transcranial direct current
stimulation (tDCS) on rmTBI. Thirty-one Sprague Dawley rats were divided into the following groups: sham, rmTBI, and
rmTBI treated by tDCS. Animals received closed head mTBI three consecutive times a day. Anodal tDCS was applied to the left
motor cortex. We evaluated the motor-evoked potential (MEP) and the somatosensory-evoked potential (SEP). T2-weighted
magnetic resonance imaging was performed 12 days after rmTBI. After rmTBI, the latency of MEP was prolonged and the
amplitude in the right hind limb was reduced in the rmTBI group. The latency of SEP was delayed and the amplitude was
decreased after rmTBI in the rmTBI group. In the tDCS group, the amplitude in both hind limbs was increased after tDCS in
comparison with the values before rmTBL Anodal tDCS after rmTBI seems to be a useful tool for promoting transient motor
recovery through increasing the synchronidty of cortical firing, and it induces early recovery of consdousness. It can ckmtribule
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to management of concussion in humans if further study is performed. \’ PARKER
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AIM: To investigate the therapeutic and neuroprotective effects of transcranial direct current stimulation (tDCS) application on the
traumatic brain injury (TBl)-induced glutamate and calcium excitotoxicity and loss of motor and cognitive functions.

MATERIAL and METHODS: Forty rats were equally divided in the sham, TBI, tDCS + TBI + tDCS, and TBI + tDCS groups. Mild
TBI was induced by dropping a 450-g iron weight from a height of 1 m onto the skull of the rats. The tDCS + TBI + tDCS group was
prophylactically administered 1 mA stimulation for 30 min for 7 days starting 5 days before inducing TBI. In the TBI + tDCS group,
tDCS (1 mA for 30 min) was administered 2 h after TBI, on days 1 and 2. Cognitive and locomotor functions were assessed using
the novel object recognition and open field tests. The calcium, glutamate, and N-methyl-D-aspartate receptor 1 (NMDAR1) levels in
the hippocampus were measured using enzyme-linked immunosorbent assay.

RESULTS: Although the motor and cognitive functions were substantially reduced in the TBI group when compared with the sham,
they improved in the treatment groups (p<0.05). The calcium, glutamate, and NMDAR1 levels were considerably higher in the TBI
group than in the sham (p < 0.001). However, they were considerably lower in the tDCS + TBI + tDCS and TBI + tDCS groups than
in the TBI groups (p < 0.05). In particular, the change in the tDCS + TBI + tDCS group was higher than that in the TEI + tDCS group.

CONCLUSION: Application of tDCS before the development of TBI improved motor and cognitive dysfunction. It demonstrated a
neuroprotective and therapeutic effect by reducing the excitotoxicity via the regulation of calcium and glutamate levels.

KEYWORDS: Calcium, Glutamate, N-methyl-d-aspartate receptor, Transcranial direct current stimulation, Traumatic brain injury, A
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Lateral views Superior view

= Clinical depression is at an all time high in the USA and the world
= Billions of dollars in pharmaceutical costs and lost workdays/productivity
= ECT and r TMS have been shown to be effective

= ECT and rTMS are both FDA approved

= tDCS has great promise for ease of use, safety and costs
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Transcranial direct current stimulation (tDCS) for depression in

pregnancy: A pilot randomized controlled trial
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ABSTRACT

Background: Depression in pregnancy negatively affects maternal-child health. Transcranial direct cur-
rent stimulation {tDCS), a non-invasive brain stimulation treatment for depression, has not been eval-
uated in pregnancy.
Objective: To conduct a pilot randomized controlled tral (RCT) to evaluate tDCS for antenatal depression
Methods: In this pilot RCT in Toronto, Ontario {October 2014 to December 2016), adult pregnant women
14—-32 weeks gestation with major depressive disorder who had declined antidepressant medication
were considered for inclusion. Participants were randomly assigned 1:1 to tDCS or sham-control, Active
tDCS comprised 30-min sessions of 2 mAmp direct current delivered over the dorsolateral prefrontal
cortex, 5 days per week, for 3 weeks, Sham was administered similarly, but with current turned off after
30s. Main outcomes were feasibility, acceptahility, and promeol adherence. Matemal Montgomery
Asperg Depression Rating Scale (MADRS) was measured post-treatment and at 4 and 12 weeks
postpartum,
Results: Of 20 women randomized, 16 completed treatment and provided data (124 tDCS, 122 sham
sessions ). Views of treatment were positive with no serous adverse events, Post-treatment estimated
marginal mean MADRS scores were 11.8 (standard error, SE 2,66) for tDCS and 15.4 (SE 2,51) for sham
(p=0234). At 4 weeks postpartum, 75.0% of tDCS women were remitted versus 12.5% sham-control
(p=0.04)
Conclusions: Results support proceeding to a definitive RCT to evaluate tDCS for antenatal depression
The preliminary efficacy estimates immediately post-treatment and in the postpartum, are encouraging
with respect to the potential use of tDCS to improve treatment rates in this population. The trial was
registered at: clinical trials.gov (NCTO2116127 ).

3 2019 Elsevier Ing All nghts reserved.
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Pilot trial of home-administered transcranial direct current stimulation for | )

- . . Chack far

the treatment of depression i
Angelo Alonzo™*, Joanna Fong®, Nicola Ball®, Donel Martin®, Nicholas Chand®, Colleen Loo™"
*School of Psychiatry, University of New South Wales/Black Dog Inseirite, Hospital Road, Randwick, NSW 2031, Ausmralia
" St Georpe Hospical, South Eastern Sydney Health, Level 2, James Laws House, Gray St, Kogarah, NSW 2217, Auseralia
ARTICLEINFO ABSTRACT
Keywaords: Background: Transcranial Direct Current Stimulation (tDCS) is a non-invasive, neuromodulation approach with
Major depressive disorder promising efficacy for treating depression. To date, tDCS has been limited to clinical or research centre settings
Transcranial direct current stimulation with treatment administered by staff. The aim of this study is to examine the efficacy, tolerability and feasibility
gl;fr;cal trial of home-administered, remotely-supervised tDCS for depression.

¥

Methods: In an open label trial, 34 participants used a Soterix 1 = 1 mini-CT device to self-administer 2028
tDCS sessions (2 mA, 30 min, F3-anode and F8-cathode montage according to 10-20 EEG placement) over 4
weeks followed by a taper phase of 4 sessions 1 week apart. Participants were initially monitored via video link
and then through completion of an online treatment diary. Mixed effects repeated measures analyses assessed
change in mood scores.

Results: Mood improved significantly from baseline (27.47 on Montgomery—-Asberg Depression Rating Scale] to
1 month after the end of acute treatment (15.48) (p = 0.001). Side effects were largely transient and minor.
Outcomes were comparable to those reported in clinic-based trials. Protocol adherence was excellent with a
drop-out rate of 6% and 93% of scheduled sessions completed.

Limitations: The tDCS and remote monitoring procedures employed in this study require a level of manual
dexterity and computer literacy, which may be challenging for some patients. This study did not have a control
condition.

Psychiatric somatic therapies

Conclusions: This study provides initial evidence that home-based, remotely-supervised tDCS treatment may be
efficacious and feasible for depressed patients and has high translational potential.
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Transcranial Direct-Current Stimulation (tDCS)
Versus Venlafaxine ER In The Treatment Of
Depression: A Randomized, Double-Blind,
Single-Center Study With Open-Label, Follow-Up
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This article was published in the following Dove Press journal:
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Objective: Tanscranial direct-current stimulation (1DCS), a relatvely new neuromodulation
approach, provides some evidence of an antidepressant effect. This mndomized, 4-week, double-
blind study with 8-week, open-label, follow-up compared the efficacy and tolerability of left anodal
tDCS with venlafaxme ER (VNF) in the treatment of depression and prevention of early relapse.
Methods: Subjects (n=57) received tDCS (2 mA, 20 sessions, 30 mms) plus placebo (n=29)
or VNF plus sham tDCS (n = 28). Responders to both interventions entered the open-label
follow-up. The primary outcome was score change in the Montgomery-Asberg Depression
Rating Scale (MADRS) at week 4 of the study. Secondary outcomes were response, remission,
dropout rates and relapse rates within the follow-up.

The mean change in the MADRS score from baseline to week for patients treated with (DCS
was 7.69 (95% CI, 5.09-1029) points and 9.64 (95% Cl, 6.20-13.09) points for patients
from the VNF group, a nonsignificant difference (1.95, 95% Cl —2.25-6.16; ¢ (55) = 0.93,
p= 036, Cohen's d = 0.24). There were no sigmficant between-group differences in the
MADRS scores from baseline to endpoint (intention-to-reat analysis). The response/remis-
sion rate for tDCS (24%/17%) and VNF (43%/32%) as well as the dropout rate (tDCS/VNF;
6/6) did not differ significantly between groups. In the follow-up, relapse (IDCS/VNF; 1/2)
and dropout (IDCS/VNF; 2/3) rates were low and comparable.

Limitations: A relatively small sample size and short duration of the antidepressant treatment;
no placebo amm.

Conclusion: Overall, this study found a similar efficacy of tDCS and VNF in the acute
treatment of depression and prevention of early relapse. The real clmical usefulness of (DCS
and 1ts optimal parameters m the treatment of depression should be 1L|rkhur vahdated.
Keywords: transcramal direct-current stimulation, tDCS, dcprcss'w’ PLX&&HKL{EEE
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The Reason Why rTMS and tDCS Are
Efficient in Treatments of Depression
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INTRODUCTION

The exact neurophysiological mechanisms of repetitive transcranial magnetic stimulation (rTMS)
and transcranial direct current stimubation (tDCS) for treating patients diagnosed with depression
are still not clear. Results of previous structural and functional MRI studies showed an aberated
functional connectivity in major depressive disorder (MDD (Vederine et al., 2011; de Kwaasteniet
et al., 2013). Those, as well as several connectivity studies (Bluhm et al., 2009; Berman et al,
2011; Zhang et al., 2011; Kim et al., 2013 Chen et al, 2015) seem to support the hypothesis that
aberrant functional connectivity within fronto-limbic system underlies the pathophysiology of
depression. It should be noted that antidepressant application of both rTMS and tINCS is based on
previous findings that these two methods help in the case of hypoactivity of the left dorsolateral
prefrontal cortex (DLPFC) (Grimm et al, 2006). Those structural and functional differences
probably introduce abnormal physiological complexity demonstrated in electroencephalographic
(EEG) (Ahmadlou et al, 2012; Bachmann et al.. 2013; Hosseinifard et al., 2014; De la Torre-Lugue
and Bomnas, 2017; Jawors al., 2018; Lebiecka et al., 2018) as well as in electrocardiographic
(ECG) signals in depression ( Migliorinni et al., 2012; Rossi et al.. 2016; Iseger et al,, 2019).

TDNCS is low-intensity modality of transcranial electrical stimulation (TES) which induces very
mild sensations in the skin (Stagg and Nitsche, 2011). Much later developed TMS primarily uses a
strong magnetic field to induce an electric field in the cortex painlessly, initiating optimally focused
activation of neural structures (Barker et al, 1985). Some of its modalities used in psychiatry are
repetitive TMS (rTMS) and intermittent theta burst TMS (iTBS). In the present sbundant literature
about both rTMS and tICS, there is scarce evidence of why these two techniques are capable of
ameliorating depressive symptoms. We still don’t know what precise mechanisms behind them are.
Only a fraction of published research (Amassian et al, 198%; Maccabee et al, 199%0; Wassermann
and Grafman, 2005; Miranda et al., 2009; Ilmoniemi and Kifi€, 2010; Alam et al. &) describe
the theoretical background of those mechanisms from electromagnetics/physics point of view. The
majority of published studies are based on multi-centric comparisons of clinical efficiency (Brunoni
et al, 2016; Antal et al, 2017; Mutz et al, 2018) and computational methods-or simulations
(Miranda et al .2 Wagner et al.. 2007; Huang et al. 2017). Recently, a team of leading
researchers in low intensity electrical transcranial stimulation reviewed clinical outcomes for 8,000
people (Antal et al., 2017) confirming its safety and effectiveness, and defined the regulatory and
application guidelines for future research.

A term “non-invasive” (attached to both rTMS and tDCS) stems from obsolete medical point
of view that the stimulating electrodes do not enter the crania (and the stimulation is performed
either via small electrical charges in case of tDNCS or via Faraday’s induction). The real effect
of “non-invasive” electromagnetic stimulation (rTMS and tIMCS) cannot be measured directly
due to their non-invasive nature. Opitz stated in recent research, that the important point
is in interpretability of stimulation effects (Opitz et al., 2015} °if electric fields are delivered
inconsistently, but effects are ohserved nevertheless, the results are more difficalt to interpret

(
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Delayed effect of bifrontal transcranial
direct current stimulation in patients with
treatment-resistant depression: a pilot
study

Min-Shan Li*, Xiang-Dong Du?, Hsiao-Chi Chu®, Yen-Ying Liao®, Wen Pan®?, Zhe Li**" and
Galen Chin-Lun Hung**'®

Abstract

Background: Transcranial direct current stimulation (tDC5) is a non-invasive brain stimulation technigue, which has
vielded promising results in treating major depressive disorder. However, its effect on treatment-resistant depression
rermnains to be determined. Mearwhile, as an emerging treatment option, patients' acceptability of tDCS is worthy of
attention.

Methods: This pilot study enrolled 18 patients (women = 13) with treatment-resistant unipolar (n=13) or bipolar (n=75)
depression. Twelve sessions of tDCS were administered with anode over F3 and cathode over F4. Each session delivered
a current of 2 mA for 30 min per ten working days, and at the 4th and 6th week. Severity of depression was determined
by Montgomery-Asberg Depression Rating Scale (MADRS);, cognitive performance was assessed by a computerized
battery.

Results: Scores of MADRS at baseline (206, 5D =97) decreased significantly to 229 (11.7) (p=003) at & weeks and 21.5
(103) (p=1001) at 8 weeks. Six (333%) participants were therapeutically responsive to tDCS MADRS scores of responders
were significantly lower than those of non-responders at the 6th and 8th week. Regarding change of cognitive
performance, improved accuracy of paired association (p=0017) and sodal cognition (p = 0.047) was cbserved at the 8th
week Overall, tDCS was perceived as safe and tolerable, For the majority of patients, it is preferred than pharmacotherapy

and psychotherapy.

Conclusions: TDCS can be a desirable option for treatment-resistant depression, however, its efficacy may be delayed;
identifying predictors of therapeutic response may achieve a more targeted application, Larger controlled studies with
optimized montages and suffident periods of observation are warranted,

Trial registration: [his trial has been registered at the Chinese Clinical Trial Registry (ChiCTR-INR-16008179).

Keywords: Transcranial direct-current stimulation, Treatment-resistant depression, Cognitive ability
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The effects of repeated transcranial direct current stimulation on sleep M)
quality and depression symptoms in patients with major depression &&&

and insomnia
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Importance: Although several strategies using transcranial direct current stimulation (tDCS) have been
investigated to treat major depressive disorder (MDD), the efficacy of this treatment for patients with
MDD who also have insomnia is unclear.

Objective: To observe the effects of tDCS on sleep quality and depressive symptoms in patients with MDD
who have insomnia.

Methods: We conducted a randomized, double-blinded study involving adults with major depression
and insomnia. We randomly assigned patients to either add tDCS or to sham tDCS to their regular

ﬁa“;’ff:ﬁesmn treatment. After randomizaton, we treated a total of 90 patients at the Kangning Hospital, Ningbo, China.
Insomnia We allocated 47 patients to the tDCS group and 43 to the sham tDCS group. The tDCS treatment pro-
Transcranial direct current stimulation cedure included 20 sessions of 2-mA stimulation of the dorsolateral prefrontal cortex (DLPFC) for 30 min,
(tDCS) which was followed by four weekly treatments. The anode and cathode electrodes were placed on the

Polysomnography (PSG)

left and right DLPFC, respectively. We recorded the Self-rating Depression Scale (SDS), Self-rating Anxiety
Scale (SAS), Pittsburgh Sleep Quality Inventory (PSQI), and Polysomnography (PSG) at Day 1 and Day 28.
Results: Compared with the sham tDCS group, the active tDCS group showed improved total scores of
SAS and SDS. PSQI total score and all PSQI sub-divisions, except for “sleep duration and sleep efficiency,”
significantly improved after treatment. We also observed that tDCS affected sleep architecture, by
increasing total sleep time and improving sleep efficiency through PSG.

Conclusions: Our study demonstrated the effect of tDCS on sleep quality and depressive symptoms in
patients with MDD and insomnia. These results suggested that tDCS stimulation not only improved
symptoms of depression and anxiety but also had a positive effect on sleep quality in patients with MDD.
For patients with depression and insomnia, tDCS stimulation could be a good supplement to drugs.

) 2020 Elsevier B.V. All rights reserved. A
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The effects of non-invasive brain stimulation on sleep disturbances )
among different neurological and neuropsychiatric conditions: A G

systematic review
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SUMMARY

Sleep disturbances (e.g., difficulty to initiate or maintain sleep) and poor sleep quality are major health
concerns that accompany several neurological and neuropsychiatric clinical conditions where different
brain circuitries are affected (e.g., chronic pain, Parkinson's disease or depression), having a great impact
in the individual's well-being, quality of life, and the socioeconomic system. Sleep disturbances in
absence of breathing or neurological disorders are mainly treated with medications (e.g., benzodiaze-
pines, hypnotics, etc.) and cognitive behavioral therapy, which are associated with side-effects and
adherence issues, respectively. Moreover, these therapies do not seem to work effectively for some in-
dividuals. Repetitive transcranial magnetic stimulation (rTMS) and ranscranial direct current stimula-
tion (tDCS) are non-invasive stimulation techniques used to treat several conditions and symptoms.
Results from this systematic review indicate that rTMS and tDCS are safe and have potential to improve
insomnia symptoms and sleep disturbances across different types of neurclogical and neuropsychiatric
diseases. However, uncontrolled and guasi experimental studies with high risk of bias were included.
Thus, although these results can help developing the field, caution in interpreting them is advised.
Additional research efforts are needed w reduce bias, improve guality, and characterize optimal brain
stimulation parameters to promote their efficacy on sleep related outcomes.

© 2020 Elsevier Ltd. All rights reserved.

A
\¢ PARKER

UNIVERSITY



Brain Research Bulletin 153 (2019) 273-278

Contents lists available at ScienceDirect

Brain Research Bulletin

journal homepage: www.elsevier.com/locate/brainresbull

TDCS AND PTSD

Transcranial direct current stimulation (tDCS) for post-traumatic stress )
disorder (PTSD): A randomized, double-blinded, controlled trial e
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ARTICLE INFO ABSTRACT

Keywords: Currently, there is not definitive information regarding the efficacy of transcranial direct current stimulation
Post-traumatic stress disorder (FTSD) (tDCS) for Post-traumatic stress disorder (PTSD). This study aimed to examine the efficacy of tDCS for PTSD and
Transcranial direct current stimulation (tDCS) its sub-symptoms. In a double-blind, controlled randomized clinical trial, 40 participants with PTSD were ran-

domly assigned to receive either 10 tDCS sessions delivered at 2 mA to the right (cathode) and left (anode)
dorsolateral prefrontal cortex (DLPFC) or 10 sham tDCS sessions to the same area. A blinded rater assessed PTSD,
depressive, and anxiety symptoms before treatment, following it, and after a 1-month follow-up period.
According to the results: i) PTSD patients demonstrated a significant reduction in PTSD symptoms, hyper-arousal
and negative alterations in cognition and mood sub-symptoms as well as depressive and anxiety symptoms in the
active stimulation compared to the sham stimulation at post-treatment and follow-up; ii) active stimulation
when compared to sham stimulation revealed greater reductions in re-experiencing sub-symptoms from baseline
to post-test. However, follow-up differences did not reach significance; iii) With respect to avoidance sub-
symploms, there were no significant differences between the active and sham stimulation at post-test and follow-
up. This study supported the efficacy of 10 sessions of bilateral DLPFC tCDS delivered at 2 mA for the treatment
of PTSD symptoms. Taken together, these findings suggest that although tDCS can reduce PTSD symptoms,
researchers should consider the different types of PTSD and use strategies to ensure sufficient power to detect a
potential effect of tDCS on various types of PTSD.
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Variable symptomatic and neurophysiologic response to HD-tDCS in a case | M)
series with posttraumatic stress disorder s
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ARTICLE INFO ABSTRACT

Keywords: Chronic Posttraumatic stress disorder (PTSD), characterized by symptoms of re-experiencing, hyperarousal, and
MMRI avoidance, is challenging to treat as a significant proportion of patients remain symptomatic following even
hes empirically supported interventions. The current case series investigated the effects of up to 10 sessions of high
Connectivity definition transcranial direct current stimulation (HD-tDCS) on symptoms of PTSD. Participants received HD-
iﬁ:{;‘ew tDCS that targeted the right lateral temporal cortex (LTC; center cathode placed over T8), given this region's
Mood

Neuromodulation

potential nvolvement in symptoms of re-experiencing and, possibly, hyperarousal. Five of the six enrolled pa
tients completed at least 8 sessions. Of these five, four showed improvement in symptoms of re-experiencing
after HD-tDCS. This improvement was accompanied by connectivity change in the right LTC as well as a larger
extended fear network but not a control network that consisted of visual cortex regions; however, the nature of
the change varied across participants as some showed increased connectivity whereas others showed decreased
connectivity. These preliminary data suggest that HD-tDCS may be beneficial for treatment of spedfic PTSD
symptoms, in at least some individuals, and warrants further investigation. A
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Abstract

Background and Aim: Transcranial direct current stimulation (tDCS) is a potential non-invasive treatment
for psychiatric disorders. The aim of this study was to investigate the efficacy of bilateral tDCS on depression,
anxiety and rumination of patients with post-traumatic stress disorder (PTSD).

Methods: This was a double-blind interventional study with pretest — posttest design and one month follow-
up. This study was carried out in 2018 with statistical population of PTSD patients from Tehran, Iran In this study
20 patients with PTSD symptoms were selected using convenience sampling and randomly divided to
wnterventional (n=10) and control groups (n=10). The interveniional group recewed real 2.0 mA {DCS over
dorsolateral prefrontal cortex (DLPFC) lasting 20 min in 10 sessions and the control group received sham tDCS.
Structured Clinical Interview, the Beck Depression and Anxiety Inventory and Nolen-Hoeksema Ruminative
Response Scale were used in pretest, posttest and follow-up.

Results: Patients demonstrated significant reduction of depression and anxiety symptoms in the interventional
group compared to the control group. There were significant differences between the two groups in rumination at
post-test but there were no significant differences between the interventional and control groups in rumination at
follow-up.

Conclusion: tDCS mmproved depressive and anxiety symptoms i patients with PTSD. However, there was
no significant reduction in rumination at follow-up course. Further studies may determine optimal stimulation

parameters for maximal mood benefit in patients with PTSD.
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= tDCS and Tmnitus: A meta-analytic exploration into
efficacy and optimization

Alexander Cates Evan Davies
T D C S A N D T I N N I T U S Northwestern University

University of Wisconsin

Milhions of Americans suffer from tinmitus, or ringig of the ears. Despite its prevalence, treatment for
tinnitus 1s hmited, with most approaches focusing on making the symptoms tolerable, mstead of treating
the underlying neurological causes. Recently however, bram stimulation techmiques, such as
transcranial direct current stimulation (tDCS), have emerged offering a new method to interact with the
brain and offering hope as a new approach to treating the underlyme causes of tmmnitus, not just making
the symptoms tolerable. In the present meta-analysis, we analyzed the results from 17 controlled trials
and 5 uncontrolled case studies to determine the efficacy of tDCS for treating tinmitus. Additionally,
we performed sub-analyses to test how different tDCS parameters may alter the efficacy of treatment.
Overall, we found a small but significant effect (Overall Hedges g 0f 0.17 (95% CI 0.09-0.25)) of tDCS
on tinitus symptoms. However, mechamstically we found that targetng the DLPFC improved
symptoms significantly more than other targets, mcluding targeting the auditory cortex directly. This
along with the subjective outcome measures currently available, suggest that while tDCS does offer a
benefit to treating the symptoms, i1t does not appear to treat any underlying causes. It 1s the opinion of
the authors therefore that tDCS should be used m addition to traditional mterventions to make the
symptoms more tolerable. As covered m the discussion, future research should explore more objective
measures of tinnitus in order to better assess the efficacy of tDCS and other bram stimulation methods,
with the hope of developmg a causal treatment of tinnitus.

Practical significance: tDCS offers a small but significant benefit for treating subjective tmmtus and
should therefore be considered in addition to traditional therapies as a method to manage tinnitus
symptoms..

Data, analysis code, supplementary material: https://osf.i0/zscad/

Keywords: tmmtus, tDCS, bramn stimulation, auditory disorders
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ABSTRACT. In this study we compared the effects of transcra-
nial direct current stimulation (tDCS) in the subacute and chronic
stages of post-stroke recovery. Anodal/sham tDCS was applied
to the primary motor cortex of stroke patients in these stages of
recovery in a cross-over design. The Jebsen-Taylor hand func-
tion test was employed. The repeated-measure ANOVA showed
significant influence of the stimulation type and test performance
time (during/after tDCS) with no overall influence of recovery
stage. The interaction TYPE*TIME*STAGE was significant.
The effect after anodal tDCS in the subacute stage was signifi-
cantly higher compared to the effects in all relevant conditions
including the chronic stage. Therefore, tDCS treatment in the
subacute stage of recovery can be superior, at least for some
patients, to treatment in the chronic stage.

Keywords: tDCS, stroke, Jebsen—-Taylor Hand Function
Test, timing

Kerkhoff, 2010). Direct current results in subthreshold
polarity-specific  polarization of neuronal membranes
(Bikson et al., 2004; Nitsche & Paulus, 2000; Purpura &
McMurtry, 1965). After several minutes of stimulation,
excitability changes last after the end of the session
(Nitsche & Paulus, 2000, 2001; Nitsche et al., 2003b).
These changes are related to glutamatergic plasticity
(Nitsche et al., 2003a), presumably gated by GABAergic
downregulation (Stagg et al., 2009). This plasticity is con-
sidered to be similar to neurophysiological correlate of
learning — long-term potentiation (LTP) and long-term
depression (LTD) — since it 1s associated with N-methyl-D-
aspartate (NMDA) receptors, calcium channels and protein
synthesis (Fritsch et al., 2010; Nitsche et al., 2003a). In add-
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ABSTRACT

This study was a randomized, controlled pilot trial to investigate the timing-dependent interaction effects of dual
transcranial direct current stimulation (tDCS) in mirror therapy (MT) for hemiplegic upper extremity in patients
with chronic stroke. Thirty patients with chronic stroke were randomly assigned to three groups: tDCS applied
before MT (prior-tDCS group), tDCS applied during MT (concurrent-tDCS group), and sham tDCS applied randomly
prior to or concurrent with MT (sham-tDCS group). Dual tDCS at 1 mA was applied bilaterally over the ipsilesional
M1 (anodal electrode) and the contralesional M1 (cathodal electrode) for 30 min. The intervention was delivered
five days per week for two weeks. Upper extremity motor performance was measured using the Fugl-Meyer
Assessment-Upper Extremity (FMA-UE), the Action Research Arm Test (ARAT), and the Box and Block Test (BBT).
Assessments were administered at baseline, post-intervention, and two weeks follow-up. The results indicated that
concurrent-tDCS group showed significant improvements in the ARAT in relation to the prior-tDCS group and
sham-tDCS group at post-intervention. Besides, a trend toward greater improvement was also found in the FMA-UE
for the concurrent-tDCS group. However, no statistically significant difference in the FMA-UE and BBT was
identified among the three groups at either post-intervention or follow-up. The concurrent-tDCS seems to be more
advantageous and time-efficient in the context of clinical trials combining with MT. The timing-dependent in-
teraction factor of tDCS to facilitate motor recovery should be considered in future clinical application.
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Milhions of Americans suffer from tinmitus, or ringig of the ears. Despite its prevalence, treatment for
tinnitus 1s hmited, with most approaches focusing on making the symptoms tolerable, mstead of treating
the underlying neurological causes. Recently however, bram stimulation techmiques, such as
transcranial direct current stimulation (tDCS), have emerged offering a new method to interact with the
brain and offering hope as a new approach to treating the underlyme causes of tmmnitus, not just making
the symptoms tolerable. In the present meta-analysis, we analyzed the results from 17 controlled trials
and 5 uncontrolled case studies to determine the efficacy of tDCS for treating tinmitus. Additionally,
we performed sub-analyses to test how different tDCS parameters may alter the efficacy of treatment.
Overall, we found a small but significant effect (Overall Hedges g 0f 0.17 (95% CI 0.09-0.25)) of tDCS
on tinitus symptoms. However, mechamstically we found that targetng the DLPFC improved
symptoms significantly more than other targets, mcluding targeting the auditory cortex directly. This
along with the subjective outcome measures currently available, suggest that while tDCS does offer a
benefit to treating the symptoms, i1t does not appear to treat any underlying causes. It 1s the opinion of
the authors therefore that tDCS should be used m addition to traditional mterventions to make the
symptoms more tolerable. As covered m the discussion, future research should explore more objective
measures of tinnitus in order to better assess the efficacy of tDCS and other bram stimulation methods,
with the hope of developmg a causal treatment of tinnitus.

Practical significance: tDCS offers a small but significant benefit for treating subjective tmmtus and
should therefore be considered in addition to traditional therapies as a method to manage tinnitus
symptoms..

Data, analysis code, supplementary material: https://osf.i0/zscad/
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time (during/after tDCS) with no overall influence of recovery
stage. The interaction TYPE*TIME*STAGE was significant.
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including the chronic stage. Therefore, tDCS treatment in the
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ABSTRACT

This study was a randomized, controlled pilot trial to investigate the timing-dependent interaction effects of dual
transcranial direct current stimulation (tDCS) in mirror therapy (MT) for hemiplegic upper extremity in patients
with chronic stroke. Thirty patients with chronic stroke were randomly assigned to three groups: tDCS applied
before MT (prior-tDCS group), tDCS applied during MT (concurrent-tDCS group), and sham tDCS applied randomly
prior to or concurrent with MT (sham-tDCS group). Dual tDCS at 1 mA was applied bilaterally over the ipsilesional
M1 (anodal electrode) and the contralesional M1 (cathodal electrode) for 30 min. The intervention was delivered
five days per week for two weeks. Upper extremity motor performance was measured using the Fugl-Meyer
Assessment-Upper Extremity (FMA-UE), the Action Research Arm Test (ARAT), and the Box and Block Test (BBT).
Assessments were administered at baseline, post-intervention, and two weeks follow-up. The results indicated that
concurrent-tDCS group showed significant improvements in the ARAT in relation to the prior-tDCS group and
sham-tDCS group at post-intervention. Besides, a trend toward greater improvement was also found in the FMA-UE
for the concurrent-tDCS group. However, no statistically significant difference in the FMA-UE and BBT was
identified among the three groups at either post-intervention or follow-up. The concurrent-tDCS seems to be more
advantageous and time-efficient in the context of clinical trials combining with MT. The timing-dependent in-
teraction factor of tDCS to facilitate motor recovery should be considered in future clinical application.
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Repeated net-tDCS of the hypothalamus appetite-control network enhances %=
inhibitory control and decreases sweet food intake in persons with
overweight or obesity
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Highlights

Active net-tDCS groups showed better inhibitory control compared to the sham group.

Stronger increase in hypothalamic functional connectivity associated with better inhibitory control after active net-tDCS.

No differences were found between the active net-tDCS and sham groups for total kilocaloric intake.

Anodal net-tDCS showed lower sweet food intake compared to the sham group.
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BALANCE/PROPRIOCEPTION DEFICITS

A type of superficial
neuromodulation of
the trigeminal system
via the tongue
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Translingual Neural Stimulation With the
Portable Neuromodulation Stimulator (PoNS®)

Fenchont Recossrs oo i PONS DEVICE - LeapsTo
Mild-To-Moderate Traumatic Brain Injury STRUCTURAL CHANGES |N TB|

Authors: Jiancl

wit  Ahstract
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1. Dep

2“5";; Traumatic brain injury (TBI) of varying severity can result in balance and movement disorders, for

soee  which the benefits of treatment with physical therapy has limits. In this study, patients with post-
TEIl balance issues received translingual neural stimulation (TLNS) in concert with physical therapy

*Corre!

64 RADIOLOGY = September 2020

and the effects on the grey matter volume (GMV) were evaluated. TBEl-related balance and
movement impairments were also assessed through Sensory Organization Test (SOT) and Dynamic
Gait Index (DGl scoring. When comparing pre- and post-intervention results, the most prominent
GMV changes were increases within the cerebellum, and temporal regions, which are involved
in automatic processing of gait, tcalance, motor control, and visual-motion. Decreases of GMV in
frontal, occipital lobes (involved in less automatic processing or more conscious/effortful processing
of gait, balance, motor control, and vision) positively correlated to increases in SOT/DGI scores.
These results indicate that TLNS can produce brain plasticity changes leading to positive changes in
functional assessments. Overall, these data indicate that TLNS delivered in conjunction with ;:uh;-fi-:&l
therapy, is a safe, effective, and integrative way to treat TEI VW PARKER
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Human translingual neurostimulation alters ‘)
resting brain activity in high-density EEG
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Abstract

PONS DEVICE —

Background: Despite growing evidence of a critical link between neuromodulation technologies and neuroplastic

recovery, the underlying mechanisms of these technologies remain elusive.
L EAD S I O E EG Objective: To investigate physioclogical evidence of central nervous system (CNS) changes in humans during

translingual neurostimulation {TLNS).

Methods: We used high-density electroencephalography (EEG) to measure changes in resting brain activity before,
during, and after high frequency (HF) and low frequency (LF) TLNS.

Results: Wavelet power analysis around Cz and microstate analysis revealed significant changes after 20 min of
stimulation compared to baseline. A secondary effect of exposure order was also identified, indicating a differentia
neuromodulatory influence of HF TLNS relative to LF TLNS on alpha and theta signal power.

Conclusions: These results further our understanding of the effects of TLNS on underlying resting brain activity,
which in the long-term may contribute to the critical link between dinical effect and changes in brain activity.

Keywords: Cranial nerve stimulation, Neuromodulation, Neuroplasticity, EEG
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Translingual Neurostimulation for the
Treatment of Chronic Symptoms Due to
Mild-to-Moderate Traumatic Brain Injury
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Abstract Objective: To compare the efficacy of high- and low-frequency noninvasive translin-
gual neurostimulation (TLMS) plus targeted physical therapy (PT) for treating chronic balance
and gait deficits due to mild-to-moderate traumatic brain injury (mmTEBlI).

Design: Participants were randomized 1:1 in a 26-week double-blind phase 1/2 study
(NCTO2158494) with 3 consecutive treatment stages: in-clinic, at-home, and no treatment.
Amms were high-frequency pulse (HFP) and low-frequency pulse (LFP) TLNS.

Setting: TLNS plus PT training was initiated in-clinic and then continued at home.
Participants: Participants (N=44; 18-65y) from across the United States were randomized into
the HFP and LFP (each plus PT) arms. Forty-three participants (28 women, 15 men) completed

at least 1 stage of the study. Enrollment requirements included an mmTBI =1 year prior to
screening, balance disorder due to mmTEBIl, a plateau in recovery with current PT, and a Sen-
sory Organization Test (SOT) score =16 points below normal.

Interventions: Participants received TLNS (HFP or LFP) plus PT for a total of 14 weeks (2 in-
clinic and 12 at home), twice daily, followed by 12 weeks without treatment.

Main Outcome Measures: The primary endpoint was change in SOT composite score from base-
line to week 14. Secondary variables (eg, Dynamic Gait Index [DGI], 6-minute walk test
[6MWT]) were also collected.

Results: Both arms had a significant (P=.0001) improvement in 50T scores from baseline at
weeks 2, 5, 14 (primary endpoint), and 26. DGI scores had significant improvement (P<.001-
.01) from baseline at the same test points; 6MWT evaluations after 2 weeks were significant.
The SOT, DGI, and 6MWT scores did not significantly differ between arms at any test point.
There were no treatment-related serious adverse events.

Conclusions: Both the HFP+PT and LFP+PT groups had significantly improved balance scores,
and outcomes were sustained for 12 weeks after discontinuing TLNS treatment. Results be-
tween arms did not significantly differ from each other. Whether the 2 dosages are equally
effective or whether improvements are because of provision of PT cannot be conclusively es-
tablished at this time.
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Introduction: Mild-to-moderate traumatic brain injury (mmTBI) that lead to
deficits in balance and gait are difficult to resolve through standard therapy
protocols, and these deficits can severely impact a patient's quality of life.
Recently, translingual neural stimulation (TLNS) has emerged as a potential
therapy for mmTBl-related balance and gait deficits by inducing neuroplastic
changes in the brain gray matter structure. However, it is still unclear how
interactions within and between functional networks in brain are affected by
TLNS. The current study aimed to extend our previous resting-state functional
connectivity (RSFC) study investigating the effects of TLNS intervention on
outcome measures related to gait and balance.

Methods: An experimental PoNS device was utilized to deliver the TLNS.
The 2-week TLNS intervention program, specifically stimulation during focused
physical therapy focused on recovery of gait and balance, included twice-
daily treatment in the laboratory and the same program at home during
the intervening weekend. The resting-state fMR| datasets at pre- and post-
interventions were collected by 3T MRI scanner with nine mmTBIl patients. All
participants also received both Sensory Organization Test (SOT) and Dynamic
Gait Index (DGI) testing pre- and post-intervention as part of the behavioral
assessment.

? frontiers | Frontiers in Human Neuroscience

TYPE Original Research
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traumatic brain injury patients

Daniel Y. Chu'!, Jiancheng Hou?!, Thomas Hosseini?,

Veena A. Nair', Nagesh Adluru?, Yuri Danilov?,

Kurt A. Kaczmarek®, Mary E. Meyerand*, Mitchell Tyler** and
Vivek Prabhakaran'*

'Department of Radiclogy, School of Medicine and Public Health, University of Wisconsin-Madison,
Madison, W, United States, “‘Research Center for Cross-5Straits Cultural Development, Fujian Normal
University. Fuzhou, Fujian, China, *Department of Kinesiology. University of Wisconsin-Madison,
Madison, W, United States, *Department of Biomedical Engineering. University of Wisconsin-Madison,
Madison, W, United States

A
\¢ PARKER

UNIVERSITY



|
Translingual neural stimulation
induced changes in intra- and

inter-network functional PONS DEV'CE

connectivity in mild-moderate
traumatic brain injury patients

Daniel Y. Chu'!, Jiancheng Hou?, Thomas Hosseini!,
Veena A. Nair!, Nagesh Adluru?, Yuri Danilov?,
Kurt A. Kaczmarek®, Mary E. Meyerand®, Mitchell Tyler** and

SN o Results: Compared to baseline, TLNS intervention led to statistically significant
improvermnents in both the SOT [tg) = 2.742, p = 0.028] and the DGl [tig) = 2.855,
p = 0.024] scores. Moreover, significant increases in intra- and inter-network
RSFC were observed, particularly within the visual, default mode, dorsal attention,
frontoparietal (FPN), and somatosensory (SMN) networks. Additionally, there
were significant correlations between the SOT and inter-network FC [between
FPN and SMN, rigy = —0.784, p = 0.012] and between the DGI and intra-network

FC [within SMN, rig) = 0.728, p = 0.026].

Discussion: These findings suggest that TLNS intervention is an effective in
increasing somatosensory processing, vestibular-visual interaction, executive
control and flexible shifting, and TLNS may be an effective approach to inducing
brain network plasticity and may serve as a potential therapy for mmT Bl-related
gait and balance deficits.
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PHOTOBIOMODULATION
(PBM)

What is PBM?

= A category of non-invasive
treatment that uses specific

wavelengths of light, typically
red and near-infrared, to
stimulate cells and promote
tissue repair, reduce
inflammation, and alleviate
pain
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NEUROMODULATION THERAPIES

Photo-Bio-Modulation (PBM)

The latest technology for treating the Central Nervous System and
particularly suitable for children, which uses increased cerebral blood flow
to stimulate brain metabolism and promote neuroplasticity processes.

VW PARKER




PBM — MECHANISMS

= PBM uses characteristics of artificial light or sunlight, including infrared, ultraviolet, visible light, and
laser to modulate biological activity.

= PBM with infrared light penetrates the tissue to stimulate mitochondria, thereby increasing cellular
respiration and adenosine triphosphate (ATP) production.

= PBM up-regulates complex IV of the respiratory chain to modulate cytochrome ¢ oxidase (CCO),
leading to increased ATP formation.

" [ncreased availability of energy in the form of ATP leads to cellular growth and repair.

= More active mitochondria support higher oxygen / glucose consumption supporting increased cerebral
blood flow.

" When delivered to the brain, transcranial PBM (tPBM) with low-level laser in the near-infrared range
can penetrate the skin and skull and have neurostimulation effects.
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PBM - MECHANISMS

= There is encouraging evidence that tPBM can have beneficial effects on traumatic events (stroke,
traumatic brain injury, and global ischemia), degenerative diseases (dementia,Alzheimer's and

Parkinson's), psychiatric disorders (depression, anxiety, post traumatic stress disorder), and lead to
cognitive enhancement.

= tPBM is also appealing because it has a good safety profile and is easy to administer. (children)

Transcranial Photobiomodulation For The Management Of Depression: Current Perspectives. Askalsky P, losifescu DV., Neuropsychiatr Dis Treat. 2019 Nov 22; 15:3255-3272.
Transcranial Photobiomodulation for the Treatment of Major Depressive Disorder. The ELATED-2 Pilot Trial. Cassano P, Petrie SR, Mischoulon D, Cusin C, Katnani H, Yeung A, De Taboada L, Archibald A, Bui E,
Baer L, Chang T, Chen J, Pedrelli P, Fisher L, Farabaugh A, Hamblin MR, Alpert JE, Fava M, losifescu DV, Photomed Laser Surg. 2018 Dec;36(12):634-646.

Photobiomodulation-Underlying Mechanism and Clinical Applications. Dompe C, Moncrieff L, Matys ], Grzech-Lesniak K, Kocherova I, Bryja A, Bruska M, Dominiak M, Mozdziak P, Skiba THI, Shibli JA, Angelova Volponi
A, Kempisty B, Dyszkiewicz-Konwinska M., ] Clin Med. 2020 Jun 3;9(6):1724.

Photobiomodulation and the brain: a new paradigm. Hennessy M, Hamblin MR., ] Opt. 2017 Jan;19(1):013003.

Shining light on the head: Photobiomodulation for brain disorders. Hamblin MR., BBA Clin. 2016 Oct 1;6:113-124.

Very Low-Level Transcranial Photobiomodulation for Major Depressive Disorder: The ELATED-3 Multicenter, Randomized, Sham-Controlled Trial. losifescu DV, Norton R}, Tural U, Mischoulon D, Collins K,
McDonald E, De Taboada L, Foster S, Cusin C, Yeung A, Clain A, Schoenfeld D, Hamblin MR, Cassano P., ] Clin Psychiatry. 2022 Aug 8;83(5):21m14226.

Acne phototherapy with a 1450-nm diode laser: an open study. Konishi N, Endo H, Oiso N, Kawara S, Kawada A., Ther Clin Risk Manag. 2007;3:205-209. doi: 10.2147/tcrm.2007.3.1.205.

Brain Photobiomodulation Therapy: a Narrative Review. Salehpour F, Mahmoudi ], Kamari F, Sadigh-Eteghad S, Rasta SH, Hamblin MR., Mol Neurobiol. 2018 Aug;55(8):6601-6636.

Pilot Study on Dose-Dependent Effects of Transcranial Photobiomodulation on Brain Electrical Oscillations: A Potential Therapeutic Target in Alzheimer's Disease. Spera V, Sitnikova T, Ward M, Farzam P, Hughes J,
Gazecki S, Bui E, Maiello M, De Taboada L, Hamblin MR, Franceschini MA, Cassano P., ] Alzheimers Dis. 2021;83(4):1481-1498.

Transcranial laser stimulation improves human cerebral oxygenation. Tian F, Hase SN, Gonzalez-Lima F, Liu H., Lasers Surg Med. 2016 Apr;48(4):343-9.

Biological effects and medical applications of infrared radiation. Tsai SR, Hamblin MR., ] Photochem Photobiol B. 2017 May;170:197-207.

Transcranial photobiomodulation-induced changes in human brain functional connectivity and network metrics mapped by whole-head functional near-infrared spectroscopy in vivo Urquhart EL, Wanniarachchi H,
Woang X, Gonzalez-Lima F, Alexandrakis G, Liu H., Biomed Opt Express. 2020 Sep 22;11(10):5783-5799.
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PBM — CAN LIGHT ENERGY REACH THE BRAIN!?

Rationale and Objectives

Transcranial photobiomodulation (tPBM) has emerged as a promising noninvasive

therapeutic technique for neurological diseases, such as Alzheimer’s Disease and Stroke.

However, the optimal incidence site for precise stimulation remains unclear. To address
this, we aimed to employ the high-resolution Visible Chinese Human (VCH) dataset and
Monte Carlo simulation to identify the most suitable incidence site.

Materials and Methods

Monte Carlo model for photon migration in voxelized media (MCVM) was applied to
visualize and compare the photon distribution across different incidence sites. We
selected four representative incidence sites in the frontal, parietal, occipital, and
temporal lobes and simulated photon propagation at four wavelengths commonly used
in tPBM studies: 660nm, 810nm, 980nm, and 1064 nm.

_ Academic Radiology
Nk
ELSEVIER Available online 26 May 2025
In Press, Corrected Proof @ What's this?

Metabolic Imaging and Spectroscopy

Effect of Incidence Sites on Light
Distribution at Different Wavelengths
During Transcranial Photobiomodulation

Bowen Zhang ° %, Songgi Yang ® %, Meihua Piao °, Polun Chang €, Ting Li © & &
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PBM — CAN
LIGHT ENERGY
REACH THE

BRAIN?

Results

For each wavelength, the light source incident from prefrontal lobe had the deepest
penetration depth (7cm, 7cm, 5cm, 5¢cm for 660cm, 810nm, 980nm, 1064 nm,
respectively) and the widest irradiation range (15%, 20%, 13%, 14% of brain for 660cm,

810nm, 980nm, 1064 nm, respectively), while that incident from temporal Tobe ensured
the highest photon fluence reaching brain parenchyma. When the same light source (the
input power was normalized to 1) was respectively applied at four incidence sites,
~1x1073 1/cm? of photon fluence reached brain parenchyma for prefrontal lobe,
~7.5x107 1/cm? for parietal lobe, ~1.5%x107> 1/cm? for occipital lobe, and ~2.8x1072
1/cm? for temporal lobe. To achieve similar photon fluence reaching brain parenchyma
across all brain regions during whole-brain tPBM stimulation, we recommended setting
the input power ratios of light source at four sites as ~17:280:20:1 (prefrontal: parietal:
occipital: temporal) for 660nm light, ~22:250:18:1 for 810nm, ~60:1450:20:1 for
980nm, and ~54:830:17:1 for 1064nm.

Conclusion

From the perspective of photon delivery to the brain, the prefrontal and temporal lobes
were two more optimal locations for light source placement. This study provided a

theoretical strategy for optimizing incidence sites in tPBM. s
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Remote photobiomodulation ameliorates behavioral
and neuropathological outcomes in a rat model of

PBM AND TBI repeated closed head injury

Chongyun Wu, Meng Li, Zhe Chen, Shu Feng, Qianting Deng, Rui Duan, Timon Cheng-Yi Liu & Luodan

Yang_E

Translational Psychiatry 15, Article number: 8 (2025) | Cite this article

Repeated closed-head injuries (rCHI) from activities like contact sports, falls, military combat, and traffic accidents pose a serious risk
due to their cumulative impact on the brain. Often, rCHI is not diagnosed until symptoms of irreversible brain damage appear,
highlighting the need for preventive measures. This study assessed the prophylactic efficacy of remote photobiomodulation (PEM)
targeted at the lungs against rCHI-induced brain injury and associated behavioral deficits. Utilizing the "Marmarou” weight-drop
model, rCHI was induced in rats on days 0, 5, and 10. Remote PBM, employing an 808 nm continuous wave laser, was administered
daily in 2-min sessions per lung side over 20 days. Behavioral deficits were assessed through three-chamber social interaction,
forced swim, grip strength, open field, elevated plus maze, and Barnes maze tests. Immunofluorescence staining and 3D
reconstruction evaluated neuronal damage, apoptosis, degeneration, and the morphology of microglia and astrocytes, as well as
astrocyte and microglia-mediated excessive synapse elimination. Additionally, 165 rDNA amplicon sequencing analyzed changes in
the lung microbiome following remote PBM treatment. Results demonstrated that remote PBM significantly improved depressive-
like behaviors, motor dysfunction, and social interaction impairment while enhancing grip strength and reducing neuronal damage,
apoptosis, and degeneration induced by rCHI. Analysis of lung microbiome changes revealed an enrichment of lipopolysaccharide
(LPS) biosynthesis pathways, suggesting a potential link to neuroprotection. Furthermore, remote PBEM mitigated hyperactivation of
cortical microglia and astrocytes and significantly reduced excessive synaptic phagocytosis by these cells, highlighting its potential

as a preventive strategy for rCHI with neuroprotective effects.
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Photobiomodulation,
Photomedicine,
d Laser Surgery

Photobiomodulation, Photomedicine, and Laser Surgery
Volume 37, Number 2, 2019

Mary Ann Liebert, Inc.

Pp. 77-84

DOI: 10.1089/photob.2018.4489

Pulsed Transcranial Red/Near-Infrared Light Therapy
Using Light-Emitting Diodes Improves Cerebral Blood
Flow and Cognitive Function in Veterans
with Chronic Traumatic Brain Injury:

A Case Series

S. Gregory Hipskind, MD, PhD."? Fred L. Grover, Jr., MD2 T. Richard Fort, PhD;* Dennis Helffenstein, PhD>
Thomas J. Burke, PhD® Shane A. Quint, BS* Garrett Bussiere, BS*
Michael Stone, MD,” and Timothy Hurtado, MD®

Abstract

Objective: This study explored the outcome of applying red/near-infrared light therapy using light-emitting
diodes (LEDs) pulsed with three different frequencies transcranially to treat traumatic brain injury (TBI) in
Veterans.

Background: Photobiomodulation therapy (PBMT) using LEDs has been shown to have positive effects on TBI
in humans and animal models.

Materials and methods: Twelve symptomatic military Veterans diagnosed with chronic TBI >18 months post-
trauma received pulsed transcranial PBMT (tPBMT) using two neoprene therapy pads containing 220 infrared
and 180 red LEDs, generating a power output of 3.3 W and an average power density of 6.4 mW/cm? for 20 min,
thrice per week over 6 weeks. Outcome measures included standardized neuropsychological test scores and
qualitative and quantitative single photon emission computed tomography (SPECT) measures of regional
cerebral blood flow (rCBF).

Results: Pulsed tPBMT significantly improved neuropsychological scores in 6 ol 15 subscales (40.0%; p <0.05;
two tailed). SPECT analysis showed increase in rCBF in 8 of 12 (66.7%) study participants. Quantitative
SPECT analysis revealed a significant increase in rCBF in this subgroup of study participants and a significant
difference between pre-treatment and post-treatment gamma ray counts per cubic centimeter [r=3.77, df=1,
p=0.007, 95% confidence interval (95,543.21-21,931.82)]. This is the first study to report quantitative SPECT
analysis of rCBF in regions of interest following pulsed tPBMT with LEDs in TBL

Conclusions: Pulsed (PBMT using LEDs shows promise in improving cognitive function and rCBF several
years after TBI. Larger, controlled studies are indicated.
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Abstract

PBM AN D TBI Mild traumatic brain injury (mTBI) is a common consequence of head injury but there are
no recognized interventions to promote recovery of the brain. We previously showed
that photobiomodulation (PBM) significantly reduced the number of apoptotic cells in
adult rat hippocampal organotypic slice cultures. In this study, we first optimized PBM
delivery parameters for use in mTBI, conducting cadaveric studies to calibrate 660 and

o e R P 810 nm lasers for transcutaneous delivery of PBM to the cortical surface. We then used
RESEARCH ARTICLE matiowiioos g in vivo weight drop mTBI model in adult rats and delivered daily optimized doses of

. o . ) 660, 810 nm, or combined 660/810 nm PBM. Functional recovery was assessed using
Photobiomodulation improves functional recovery after mild . . . ]
traumatic brain injury novel object recognition (NOR) and beam balance tests, whilst histology and

i immunohistochemistry were used to assess the mTBI neuropathology. We found that

Andrew R. Stevens %3 | Mohammed Hadis®* | Abhinav Thareja® | X L .
Freya G. Anderson? | Michael R. Milward® | Valentina Di Pictrat?® | PBM at 810, 660 nm, or 810/660 nm all significantly improved both NOR and beam

Antonio Belli*®® | William Palin®*° | David J. Davies>>%° | Zubair Ahmed *%*°

balance performance, with 810 nm PBM having the greatest effects. Histology
demonstrated no overt structural damage in the brain after mTBI, however,
immunohistochemistry using brain sections showed significantly reduced activation of
both CD11b* microglia and glial fibrillary acidic protein (GFAP)" astrocytes at 3 days post-
injury. Significantly reduced cortical localization of the apoptosis marker, cleaved
caspase-3, and modest reductions in extracellular matrix deposition after PBM
treatment, limited to choroid plexus and periventricular areas were also observed. Our
results demonstrate that 810 nm PBM optimally improved functional outcomes after
mTBI, reduced markers associated with apoptosis and astrocyte/microglial activation,

| and thus may be useful as a potential regenerative therapy. VPARKER
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Photobiomodulation improves functional recovery after mild
traumatic brain injury

Andrew R. Stevens?®© | Mohammed Hadis®* | Abhinav Thareja® |
Freya G. Anderson® | Michael R. Milward®* | Valentina Di Pietro™*> |
Antonio Belli®?* | William Palin®*°® | David J. Davies"*** | Zubair Ahmed"??

Translational Impact Statement

Photobiomodulation (PBM) may stimulate neuroprotection after mild traumatic
brain injury (mTBI). We show the development and use of transcutaneous PBM in
preclinical models of mTBI. Our results demonstrated that transcutaneous PBM
improved functional recovery, reduced astrocyte and microglial activation,
reduced the apoptosis marker, cleaved caspase-3, after mTBI. PBM therefore has
the potential to be neuroprotective and improve functional recovery in patients
with mTBI.
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TRANSCRANIAL
ULTRASOUND STIMULATION

Transcranial ultrasound stimulation (TUS) is a
non-invasive brain stimulation technique that
uses ultrasound waves to modulate neural
activity.

It offers the potential for high spatial resolution
and depth penetration, allowing for targeted
stimulation of specific brain regions, including
deep structures that are difficult to reach with
other non-invasive methods like transcranial
magnetic stimulation (TMS) or transcranial
direct current stimulation (tDCS).
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TRANSCRANIAL ULTRASOUND STIMULATION

Brain Stimulation 18 (2025) 1004-1014

Contents lists available at ScienceDirect

Brain Stimulation

ELSEVIER journal homepage: www.journals.elsevier.com/brain-stimulation

Deep transcranial ultrasound stimulation using personalized acoustic
metamaterials improves treatment-resistant depression in humans

David Attali '@, Thomas Tiennot ™', Thomas J. Manuel *, Maxime Daniel *,
Alexandre Houdouin®, Philippe Annic®, Alexandre Dizeux *, Alexandre Haroche ¢,
Ghita Dadi”, Adéle Henensal °, Myléne Moyal “@, Alice Le Berre -, Cécile Paolillo "%,
Sylvain Charron ®*, Clément Debacker ““®, Maliesse Lui“*°, Sabrina Lekeir ',
Rosella Mancusi ‘@, Thierry Gallarda " Tarek Sharshar ", Khaoussou Sylla f
Catherine Oppenheim “-°, Arnaud Cachia *-¢, Mickael Tanter*,

Jean-Francois Aubry“'"> @, Marion Plaze "'

* Institute P,lysici _fﬂi' Medicine Paris, Inserm U1273, ESPCI Paris, PSL University, CNRS UMR 8063, 75015, Paris, France

® §17-18 Adult Psychiairy Dep GHU Paris Psy & iences, Site Sainte-Anne, 75014, Paris, France

© Anesthesia and Intensive Care Department, GHU Paris Psychiairie & Neurosciences, Pole Neuro, Sainie-Anne Hospital, 75014, Paris, France

4 Université Paris Cité, Institute of Psychiary and Neuroscience of Paris (IPNP), INSERM U1266, IMA-brain Team, 75014, Paris, France

© Deparment of Neuroradiology, GHU Paris Psychiatrie & Neurosciences, Site Sainte-Anne, 75014, Paris, France

 Clinical Research and Innovation Department, GHU Paris Psychiatrie & Neurosciences, Site Sainte-Anne, 75014, Paris, France

& Université Paris Cité, LaPsyDE, CNRS, F-75005, Paris, France

® Université Paris Cité, Institute of Psychiatry and Neuroscience of Paris (IPNP), INSERM U1266, 75014 Paris, France

L)
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S

Highlights

Neuromodulation of deep brain regions could be promising for drug-resistant depression.

TUS spatial precision was limited by the defocusing effect of the skull.

We developed a novel portable ultrasound device capable of millimeter precision.

An intensive 5-day course of mTUS reduced depression severity by an average of 61 %.

No serious adverse events occurred during this open label trial.
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TRANSCRANIAL ULTRASOUND STIMULATION

Brain Stimulation 17 (2024) 636-647

Contents lists available at ScienceDirect

Brain Stimulation

e

ELSEVIER journal homepage: www.journals.elsevier.com/brain-stimulation

Sustained reduction of essential tremor with low-power non-thermal K
transcranial focused ultrasound stimulations in humans™

Thomas Bancel *, Benoit Béranger °, Maxime Daniel *, Mélanie Didier °, Mathieu Santin ",
Itay Rachmilevitch“, Yeruham Shapira “, Mickael Tanter *, Eric Bardinet b Sara Fernandez
Vidal ", David Attali™®, Cécile Galléa"”, Alexandre Dizeux *, Marie Vidailhet ™,

Stéphane Lehéricy ¢, David Grabli ', Nadya Pyatigorskaya ¢, Carine Karachi®,

Elodie Hainque *, Jean-Francois Aubry ™

3 Physics for Medicine Paris, Inserm U1273, ESPCI Paris, CNRS UMR 8063, PSL University, Paris, France

© ICM-Paris Brain Institute, Centre de Neurolmagerie de Recherche-CENIR, Inserm U 1127, CNRS UMR 7225, Sorbonne Université, F-75013, Paris, France
© Insightec, Tirat Carmel, Israel

4 Université Paris Cité, GHU-Paris Psychiatrie et Neurosciences, Hopital Suinte Anne, F-75014, Paris, France

© Department of Neuroradiology, Hopital de la Piti Salpétriere, Sorbonne Université, AP-HP, Paris, France

! Department of Neurology, Hopital de la Pitié Salpétriere, Sorhonne Université, AP-HP, Paris, France

& Department of Newrosurgery, Hopital de la Pitié Salpétriere, Sorbonne Université, AP-HP, Paris, France - -
Highlights
. Transcranial Ultrasound Stimulation induced more than 89 % reduction of essential tremor in 5 patients.
. Asustained effect (more than 23min) was observed in 3 patients.

Stimulation was performed in the VIM and the DRT.

No significant thermal rise was measured by MR Thermometry during stimulation. N
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TRANSCRANIAL ULTRASOUND
STIMULATION

Vascular endothelial growth factor

Yi et al. BMC Neuroscience (2024) 25:8 BMC Neuroscience
https://doi.org/10.1186/512868-024-00849-0

Multimodal evaluation of the effects of low-
intensity ultrasound on cerebral blood flow
after traumatic brain injury in mice

Huiling Yi', Shuo Wu', Xiaohan Wang?, Lanxiang Liu"*’, Wenzhu Wang?, Yan Yu®, Zihan Li®, Yinglan Jin*, Jian Liu?,
Tao Zheng' and Dan Du'

Abstract

Traumatic brain injury (TBI) is one of the leading causes of death and disability worldwide, and destruction of
the cerebrovascular system is a major factor in the cascade of secondary injuries caused by TBI. Laser speckle
imaging (LSClhas high sensitivity in detecting cerebral blood flow. LSCI can visually show that transcranial focused
ultrasound stimulation (tFUS) treatment stimulates angiogenesis and increases blood flow. To study the effect

of tFUS on promoting angiogenesis in Controlled Cortical impact (CCl) model. tFUS was administered daily for

10 min and for 14 consecutive days after TBI. Cerebral blood flow was measured by LSCl at 1, 3, 7 and 14 days after
trauma. Functional outcomes were assessed using LSCI and neurological severity score (NSS). After the last test,
Missl| staining and vascular endothelial growth factor (VEGF) were used to assess neuropathology. TBl can cause
the destruction of cerebrovascular system. Blood flow was significantly increased in TBI treated with tFUS. LSC],
behavioral and histological findings suggest that tFUS treatment can promote angiogenesis after TBI.

Keywords Traumatic brain injury, Transcranial focused ultrasound stimulation, Angiogenesis Laser speckle imaging,
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TRANSCRANIAL ULTRASOUND STIMULATION

Brain Stimulation 17 (2024) 35-38

Contents lists available at ScienceDirect 3 BRATN
Brain Stimulation
|-:-| SEVII |: journal homepage: www.journals.elsevier.com/brain-stimulation
Techniques and Methods
Transcranial focused ultrasound for the treatment of tremor: A preliminary | &&&

case series

C.M. Deveney “"*', J.R. Surya™', J.M. Haroon °, K.D. Mahdavi *, K.R. Hoffman *, K.C. Enemuo *,
K.G. Jordan®, S.A. Becerra®, T. Kuhn “, A. Bystritsky“, S.E. Jordan *"
" The Regenesis Project, Santa Monica, CA, USA

S University of California Los Angeles, Department of Neurology, USA
© University of California Los Angeles, Department of Psychiatry and Biobehavioral Sciences, USA

Highlights

. Patients with Essential Tremor received eight, 10-minute LIFU treatments to the ventral intermediate thalamus.

8/10 patients reported significant improvement in tremor symptoms, with GRC score > 2 immediately post-treatment.
- Analysis of TETRAS scores demonstrated significantly decreased tremor severity for all patients following eight treatments.

. LIFU may represent an intermediate treatment for Essential Tremor prior to more invasive treatments. \" PARKER
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R journal homepage: www.elsevier.com/locate/ynimg
L)
Low-intensity transcranial ultrasound stimulation improves memory e

behavior in an ADHD rat model by modulating cortical functional
network connectivity

Mengran Wang “", Zhenyu Xie """, Teng Wang ", Shuxun Dong *", Zhenfang Ma ",
Xiangjian Zhang“, Xin Li™", Yi Yuan ™"

* School of Electrical Engineering, Yanshon University, Qinhuangdao 066004, China

b Key Laboratory of Intelligent Rehabilitation and Neuromodulation of Hebei Province, Yanshan University, Qinhuangdao 066004, China

* Department of Rehabilitation, Hebei General Hospital, Shijiazhuang 050000, China

4 Department of Neurology, Hebei Key Laboratory of Vasculur Homeostasis and Hebei Collabarative Innovation Center for Cardio-cerebrovascular Disease, The Second
Huospital of Hebei Medical University, Shijiazhuang 050000, China

Highlights

» The cortical functional network connectivity in ADHD rats are
abnormal during memory tasks.

» TUS improved the global and local characteristics of the cortical
functional network connectivity of ADHD rats during memory tasks.

» TUS improves memory behavior in ADHD by modulating cortical
functional network connectivity.
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TUS - ADHD

The SNAP-IV is a rating scale used to

assess symptoms of Attention-
Deficit/Hyperactivity Disorder
(ADHD) and related behavioral
disorders in children. It gathers
information from both parents and
teachers to provide a comprehensive
view of the child's behavior.The scale
focuses on inattention,
hyperactivity/impulsivity, and also
includes Oppositional Defiant
Disorder (ODD) symptoms

F frontiers | Frontiers in Neurology

Efficacy and safety of transcranial
pulse stimulation in young
adolescents with
attention-deficit/hyperactivity
disorder: a pilot, randomized,
double-blind, sham-controlled
trial

Teris Cheung'?*, Benjamin K. Yee?3, Bolton Chau?3,

Joyce Yuen Ting Lam*2, Kwan Hin Fong®, Herman Lo*,

Tim Man Ho Li°, Albert Martin Li%, Lei Sun’, Roland Beisteiner®
and Calvin Pak Wing Cheng®*

“School of Nursing, The Hong Kong Polytechnic University, Kowloon, Hong Kong SAR, China, “The
Hong Kong SAR,

Hong Kong SAR, China, "Department of Neurolog
nna, Austria, “Department of Psychiatry, The University of Heng Keng, Pokfulam, Hong
Kong SAR, China

Background: This is the first study to evaluate the efficacy and safety of
transcranial pulse stimulation (TPS) for the treatment of attention-deficit/
hyperactivity disorder (ADHD) among young adolescents in Hong Kong.

Methods: This double-blind, randomized, sham-controlled trial included a
TPS group and a sham TPS group, encompassing a total of 30 subjects aged
12-17 years who were diagnosed with ADHD. Baseline measurements SNAP-
IV, ADHD RS-IV, CGI and executive functions (Stroop tests, Digit Span) and
post-TPS evaluation were collected. Both groups were assessed at baseline,
immediately after intervention, and at 1-month and 3-month follow-ups.
Repeated-measures ANOVAs were used to analyze data.

Results: The TPS group exhibited a 30% reduction in the mean SNAP-1V score
postintervention that was maintained at 1- and 3-month follow-ups.

Conclusion: TPS is an effective and safe adjunct treatment for the clinical
management of ADHD.

Clinical trial registration: ClinicalTrials Gov, identifier NCT05422274.
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Low-intensity transcranial focused ultrasound
amygdala neuromodulation: a double-blind sham-
controlled target engagement study and unblinded
single-arm clinical trial

TUS — ANXIETY/TRAUMA RELATED

Bryan R. Barksdale, Lauren Enten, Annamarie DeMarco, Rachel Kline, Manoj K. Doss, Charles B. Nemeroff &

Gregory A. Fonzo &4

Molecular Psychiatry (2025) ‘ Cite this article

Mood, anxiety, and trauma-related disorders (MATRDs) are highly prevalent and comorbid. A sizable number of patients do not
respond to first-line treatments. Non-invasive neuromodulation is a second-line treatment approach, but current methods rely on
cortical targets to indirectly modulate subcortical structures, e.g., the amygdala, implicated in MATRDs. Low-intensity transcranial
focused ultrasound (tFUS) is a non-invasive technique for direct subcortical neuromodulation, but its safety, feasibility, and promise
as a potential treatment is largely unknown. In a target engagement study, magnetic resonance imaging (MRI)-guided tFUS to the
left amygdala was administered during functional MRI (tFUS/fMRI) to test for acute modulation of blood oxygenation level
dependent (BOLD) signal in a double-blind, within-subject, sham-controlled design in patients with MATRDs (N = 29) and healthy
comparison subjects (N = 23). In an unblinded treatment trial, the same patients then underwent 3-week daily (15 sessions) MRI-
guided repetitive tFUS (rtFUS) to the left amygdala to examine safety, feasibility, symptom change, and change in amygdala
reactivity to emotional faces. Active vs. sham tFUS/fMRI reduced, on average, left amygdala BOLD signal and produced patient-
related differences in hippocampal and insular responses. rtFUS was well-tolerated with no serious adverse events. There were
significant reductions on the primary outcome (Mood and Anxiety Symptom Questionnaire General Distress subscale; p = 0.001,
Cohen's d = 0.77), secondary outcomes (Cohen's d of 0.43-1.50), and amygdala activation to emotional stimuli. Findings provide
initial evidence of tFUS capability to modulate amygdala function, rtFUS safety and feasibility in MATRDs, and motivate double-
blind randomized controlled trials to examine efficacy.
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This was a cursory overview of the literature regarding the four most common
neuromodulation techniques and how they may be of benefit in neurological and psychological
dysfunction

The field of neuromodulation is emerging and exploding

rTMS and tDCS are safe and effective ways to manage many disorders in a drug-free safe
manner

SUMMARY

Non-electrical neuromodulation such as PBM and TUS are emerging

Presently, TMS and tDCS are most researched and supported for many neuro and neuropsych
conditions

Greatest patient access for tDCS and TMS currently
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