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;;;; Repetitive TMS (rTMS)

Modulate Cortical Excitability and Induce Plasticity: Assess Excitation/Inhibition Balance:

* Low-frequency rTMS (1-5Hz): Inhibitory —LTD-like effects
» High-frequency rTMS (10-20Hz): Excitatory — LTP-like effects

l: e

TMS device

Multifocal tES

tES device

## Paired Pulse TMS (ppTMS)

» Short Intracortical Inhibition (SICI)
* Long Intracortical Inhibition (LICI)

* Intracortical Facilitation (ICF)

LTD / LTP-like effects of NiBS are mediated by: }9 Single Pulse TMS (spTMS)

« NMDA and AMPA receptors
* GABA system
» gene induction (i.e., BDNF)

neuromodulators changes (i.e., dopamine)

7

Constant/Direct
Anode: excitatory
Cathode: inhibitory

CURRENT

MECHANISM Membrane polarization

TIMING ‘ During; After (long-term)

Assess Cortical Excitability:
* Motor-Evoked Potentials (MEPs)

* Combined with EEG: TMS-evoked
Potentials (TEPs)

AT -

Oscillatory/Alternating Oscillatory/Alternating
Specific Frequency (Hz) White noise 1-640 Hz

Entrainment/Resonance Stochastic resonance

During; After (short-term) During; After (long-term)




Depending on the combination of frequecy/intensity, the
rTMS prodces long-lasting modification of synaptic efficacy
in the stimulated networks........(LTP-LTD)

protein
by T synthesis

late
TP/LTD

...... .thereby restoring a more physiological operating
mode (......... .as a drug)



Review

One century of healing currents into the brain from the scalp: From
electroconvulsive therapy to repetitive transcranial magnetic
stimulation for neuropsychiatric disorders

Riccardo Di lorio ®*, Simone Rossi®, Paolo M. Rossini €

Clinical Neurophysiology 133 (2022) 145-151

La Neuromodulazione non é una
terapia elettroconvulsivante (o
Elettroshock)

No anestesia
No crisi comiziali
No effetti avversi (memoria)

Electroconvulsive Therapy
(ECT)

Transcranial magnetic
stimulation (TMS)

Mechanism

Stimulation
target

Setting

Medical
procedure
Recovery time
after each
treatment
Major after-
effects
Minor side-
effects

Treatment
plan

Electrically induced seizures

Spread

Requires hospitalization

Requires general
anaesthesia
Hours

Short- and long-term
memory loss

Headaches, musde and jaw
aches, feeling confused, ill
and nauseous

2-3 times a week (max. 15
sessions)

Non-convulsive
electromagnetic stimulation
Personalized (focal target|
individual threshold/
neuronavigation)
Performed in an outpatient
setting

No anaesthesia or sedation

Minutes

None (seizure very rare)

Little, transient, discomfort
on the stimulation site,
headaches, fatigue

Daily (Monday-Friday) for 4-
6 weelks




Evidence-based guidelines on the therapeutic use of repetitive

»

transcranial magnetic stimulation (rTMS): An update (2014-2018)

Jean-Pascal Lefaucheur*"*, André Aleman , Chris Baeken “*', David H. Benninger , Jérome Brunelin",
Vincenzo Di Lazzaro', Sasa R. Filipovi¢’, Christian Grefkes ', Alkomiet Hasan ™, Friedhelm C. Hummel ™,
Satu K. Jaaskeldinen 9, Berthold Langguth®, Letizia Leocani®, Alain Londero ", Raffaele Nardone “**,
Jean-Paul Nguyen ™, Thomas Nyffeler “***°, Albino J. Oliveira-Maia *“*“**, Antonio Oliviero ™,

Frank Padberg™, Ulrich Palm "™, Walter Paulus *", Emmanuel Poulet ™, Angelo Quartarone ¥,

Fady Rachid °*, Irena Rektorova ***™, Simone Rossi *", Hanna Sahlsten *°, Martin Schecklmann ",

ap - aq

Level A (definite efficacy):

* Depression (DLPFC)

* Chronic neurophatic pain (M1)

* Post-stroke motor hand recovery (M1, acute phase)

* Obsessive-compulsive disorder (FDA-approved; target: SMA)

Level B (probable efficacy):

* Lower limbs spasticity in Multiple Sclerosis (M1)

* Depression (DLPFC) and motor symptoms (bilateral M1) in Park
* Quality of life (M1) and pain alleviation (DLPFC) in fibromyalgia
* Post-traumatic stress disorders

* Post-stroke aphasia



Connectivity predicts better efficacy

Efficacy of TMS targets for depression is related to intrinsic
functional connectivity with the subgenual cingulate

Michael D. Fox' %3, Randy L. Buckner®+°, Matthew P. White®, Michael D. Greicius’, and

Alvaro Pascual-Leone?:8
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treatment
efficacy are
“anticorrelated” X
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The case of OCD

Functional connectivity changes and symptoms improvement after
personalized, double-daily dosing, repetitive transcranial magnetic
stimulation in obsessive-compulsive disorder: A pilot study

Antonio Mantovani >, Francesco Neri ", Giordano D’Urso ¢, Lucia Mencarelli >, Elisa Tatti ?,

Davide Momi b’d, Arianna Menardi b’d, Giulia Sprugnoli b, Emiliano Santarnecchi b’d,

Simone Rossi ¢ . }
Journal of Psychiatne Research 136 (202]1) 560-570

High-density, personalized 1 Hz rTMS (7200 stim/day in
two sessions) of the SMA in OCD patients

Seed region: bilateral SMA

Clinical results:
- 9 OCD patients

- Symptoms
improved by 25%
- Up to 3 months

reduction of pathological hyperconnectivity between SMA and certaiin basal ganglia and thalamic regions

Rs Connectvity changes are related to clinical improvement



rTMS: therapeutic application for OCD
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rsFC value

The case of OCD

Higher YBOCS Total Score correlation with higher connectivity between SMA and subcortical regions
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Connectivity might predict rTMS outcome
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Toward noninvasive brain stimulation 2.0 in Alzheimer’s disease

Arianna Menardi >, Simone Rossi © Glacomo Koch*, Harald Hampel °, Andrea Vergallo °,
Michael A. Nitsche f’” Yaakov Stem , Barbara Borroni’, Stefano F. Cappa”", Maria (I(:ptelhl
Giulio Ruffini ™, Georges El-Fakhri ", Paolo M. Rossini °, Bl'ad Dickerson”, Andrea Antal“,

Claudio Babiloni *°, Jean-Pascal Lefaucheur ““, Bruno Dubois ™""*, Gustavo Deco 7,

UIf Ziemann “>“", Alvaro Pascual-Leone "%, Emiliano Santarnecchi™ ' Ageing Research Reviews 75 (2022) 101555
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Increased local neural activity

* Meurcimage. 2018 Apr 1;169:202-311. doi: 10.1016/).neurcimage.2017.12.048. Epub 2017 Dec 19 FTMS Sham
Transcranial magnetic stimulation of the precuneus — ProSham
enhances memory and neural activity in prodromal
Alzheimer's disease
Giacomo Koch 1, Sonia Bannl ¥, Maria Concelta Pelliccian £, Elias P Casula ¥, Matteo Mancini 3, 100 20 300
Romina Esposito #, Viviana Ponzo #, Silvia Picazio #, Francesco Di Lorenzo #, Laura Serra #, w P
Caterina Motta ¢, Michele Maiella ¢, Camillo Marra ®, Mara Cercignani 9, Prvalues
Alessandro Martorana 2, Carlo Caltagirone #*, Marco Bozzali * " ( - )
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rTMS in patients with Cochlear Implants
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';;' * Clinical Neurophysiology

e Volume 132, Issue 3, March 2021, Pages 723-729 00o

Feasibility of TMS in patients with new

generation cochlear implants

Marco Mandala ®, Tommaso Lisini Baldi ®, Francesco Neri ©, Lucia Mencarelli ©, Sara Romanella &

’ ; ol € ; s b or co,d ¢ ¢ O
Monica Ulivelli £, Domenico Prattichizzo E Emiliano Santarnecchi % Simone Rossi ©~ @ B

F/T SENSOR

TMS COIL

COCHLEAR
IMPLANT

COIL SUPPORT

No induced forces

RN

100%

5 titanium housed cochlear implant devices (2 x Mi1000
and 3 x Mi1200 were tested

Stimulation parameters:
- 1 HzrTMS for 30 minutes (total: 1800 pulses)

- 10 Hz rTMS for 4 seconds trains, with inter-train
intervals of 8 seconds (total: 1800 pulses)

- Max stim output

Extreme tests: both combinations of
frequency/intensity and length of stimulation exceeded
the upper limits of published safety tables thus they
have to be considered reasonably unsafe for humans

All the implants resulted completely functioning and
with no damages/defections, irrespective to the applied
protocols of stimulation.

Francesco Neri - PhD student



rTMS for the treatment of age-related hearing loss in patients with wearable hearing aids
Francesco Neril”, Chiara CappelloZ®, Francesca Viberti2, Lucia Burzil, Alessandra Cinti, Alberto
Benellil, Carmelo Luca Smeraldal, Sara Romanellal, Emiliano Santarnecchi3,
Marco Mandala?**, Simone Rossil™

PROTOCOL

A B C
i \ *H“—%* *H*‘*Ho‘\ *HH'++~
sl HEARING TEST
T0 —{ TREATMENT (5 DAYS) - TMS OVER AUDITORY CORTEX —— T1/T2

Results are under submission

SiBiN Francesco Neri — PhD student




tDCS and perfusion

Contents lists available at ScienceDirect Exporinforital tDCS

Neurclogy

PERICYTES ENDOTHELIAL CELLS

2 1 NO, VEGF
s T/

journal homepage: www.elsevier.com/locate/yexnr \

Experimental Neurology

=
GLIAL CELLS

. . . o . . . . ?
Transcranial direct current stimulation induces polarity-specific changes of cortical | ?‘“’rj’g'a"za“m
blood perfusion in the rat | t EET's, 20-HETE's

Dorothee Wachter **, Arne Wrede €, Walter Schulz-Schaeffer ¢, Ali Taghizadeh-Waghefi ?,
Michael A. Nitsche ®, Anna Kutschenko °, Veit Rohde ?, David Liebetanz ®

NEURONS
- 1.1,- firing
Contents lists available at ScienceDirect o | l i T vasoactive metabolites

Neurolmage

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

Cathodal Stimulation

‘Anodal Stimulation

Effects of transcranial direct current stimulation (tDCS) on human regional cerebral
blood flow

Xin Zheng 2, David C. Alsop °, Gottfried Schlaug **

* Dept. of Neurology, Neuroimaging and Stroke Recovery Laboratories, Beth Israel Deaconess Medical Center and Harvard Medical School, Boston, MA, USA
" Dept. of Radiology, Division of MRI Research, Beth Israel Deaconess Medical Center and Harvard Medical School, Boston, MA, USA
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HGG and Perfusion

Perturbation of blood flow as a mechanism of

_ _ _ anti-tumour action of direct current electrotherapy
Arterial Spin Labeling

Post-Contrast DSC-MRI

Tomaz Jarm', Maja Cemazar?, Fritz Steinberg®*, Christian Streffer®”,
Gregor Sersa” and Damijan Miklavéic!
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i \
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tDCS on brain
tumors?

DC-ET electrodes

control
BN DC-ET

Cerebral Blood Flow
[mL Blood/100g Tissue]-min
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25 50 75




Experimental Protocol

Lesion definition Modeling Personalized tDCS

Necrotic core

rad

Visit 1: Clinical MRI and Tumor Tracing tES Biophysical Modeling Visit 2: Pre-Surgery tES-MRI




Results pilot study

no sham
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long term effects?
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Neuromodulation for HHG?

A Local approaches B Network-based approaches F uture
— \ Directions:
| MR' FALEE:
Tumor-network connectivity as
% a survival biomarker
MRI-guided Biophysical Optimized tES for tumoral/ / fMRI \ Personalized neuromodulato ry
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‘VM*\,’ . ° ?
4 Migration control - N\( N %( ‘ () electrical properties?
galvanotaxis >o40( : o
/ .&- .“ i)* / %m O
LY
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[ \ [ \ Giulia Sprugnoli**~. Simone Rossi?, Alexander Rotenberg®. Alvaro Pascual-Leone's,
Suppression of Tumor perfusion reduction Georges El-Fakhri®, Alexandra ]. Golby=', Emiliano Santarnecchi'*
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Gamma frequency entrainment attenuates
amyloid load and modifies microglia

Hannah F laccar i.n!-::u“', Annabelle C. Singer™*** Anthony I Martorell?, Andrii Rudenko'”, Fan Gao'?, Tyler 7. E]i]]jnghan}:'3.
Hansruedi Mathys'?, insoo Sea™?, Oleg Kritskiv™, Faterna Abdurrob’, Chinnaklkaruppan Adaikkan!?, Rebecea G. Canter™?,
Richard Ruedal?, Emery N. Brown!-25.8 Edward 5. Boyden®®4 & Li- Huei Tea!.37 730 | NATURE | VOL 540 | 8 DECEMBER 2016

Changes in gamma oscillations (20-50 Hz) have been observed in several neurological disorders. However, the
relationship between gamma oscillations and cellular pathologies is unclear. Here we show reduced, behaviourally driven
gamma oscillations before the onset of plagque formation or cognitive decline in a mouse model of Alzheimer’s disease.
Optogenetically driving fast-spiking parvalbumin-positive (FS-PV)- interneurons at gamma (40 Hz), but not other
frequencies, reduces levels of amyloid-3 (A3); 4 and AB }_g; isoforms. Gene expression profiling revealed induction of
genes associated with morphological transformation of microglia, and histological analysis confirmed increased microglia
co-localization with A3. Subsequently, we designed a non- invasive 40 Hz light - flickering regime that reduoced AS)-40
and ApBy-47 levels in the visual cortex of pre-depositing mice and mitigated plague load in aged, depositing mice. Our
findings uncover a previously unappreciated function of gamma rhy thms in recruiting both neuronal and glial responses
to attenuate Alzhelmer s-disease- associated pathology.

Figure 4 | Driving 40 Hz oscillations in VC via light flicker redu K
AP and amyloid plagues in 5XFAD mice.

s

S

.k, Immunohistochemistry with anti- Ap (D5452, g

green) antibody in 6-month-old VC of 5XFAD mice after 7 daysof lhper |
day dark or 40 Hz flicker showing plaques (white arrows; scale bar, 50 um).
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Impact of 40 Hz Transcranial Alternating Current Stimulation on
Cerebral Tau Burden in Patients with Alzheimer’s Disease: A

Case Series

Maeva Dhaynaut®.?, Giulia Sprugnoli®’, Davide Cappon®, Joanna Maconel, Justin S.
Sanchez®®, Marc D. Normandin®, Nicolas .. Guehl?, Giacomo Koch?®, Rachel Paciorek®, Ann
Connor?, Daniel Press?, Keith Johnson3.©, Alvam Pascual-Leone®” Georges El Fakhri3.”,

Emiliano Santamecchi®® 1’

1 hour tACS daily
for 4 weeks
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Impact of multisession 40Hz tACS
on hippocampal perfusion in patients
with Alzheimer’s disease

Giulia Sprugnoli'*®, Fanny Munsch®, Davide Cappon’, Rachel Paciorek!, Joanna Macone', Ann Connor?,
Georges El Fakhri®, Ricardo Salvador®, Giulio Ruffini®, Kevin Donohoe®, Mouhsin M. Shafi', Daniel Press’,
David C Alsop®, Alvaro Pascual Leone®”® and Emiliano Santarnecchi®

-

A All subjects B Bitemporal tACS - 4 weeks
0 <0.08

Sprugniali et al
Alzheimer’s Research & Therapy  (2021) 13:203
https-fdoi.ong/10.1186/513195-021-00922-4
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The neuroscience of tinnitus

Jos J. Eggermont’ and Larry E. Roberts?

'Department of Physiology and Blophysics, and Department of Psychology, University of Calgary, Alberta, Canada, T2N 1M4

*Department of Psychology, McMaster University, Hamilton, Ontario, Canada, LES 4K1

* In 5-15% of the general population, the tinnitus sensation is unremitting

Prevalance of chronic tinnitus

*In 1-3% of the general population, tinnitus affects the quality of life of
patients, since it is associated with sleep disturbances, work impairment and
psychiatric distress or depression



Maladaptive plastic reorganization of auditory cortex in
patients with tinnitus
W.Muhlnickel, T.Elbert, E.Taub, H.Flor, PNAS 1998

Tonotopy studies by
MEG
Anterior shift of the cortical
epresentation of certain frequencies in
patients with tinnitus

Neurons in a de-afferented cortical region
shift their tuning to represent frequencies
near the edge of the lesion, thus giving rise to
an expanded representation of these
frequencies and to the sensation of tinnitus




Brain areas involved in tinnitus perception

Generally in the left
hemisphere,

independently by the
side where tinnitus is

perceived

Sometimes only
contralateral to
tinnitus

Transverse temporal gyrus (BA41)

Superior temporal gyrus (BA42,22)

Anterior temporal gyrus (BA38)
Hippocampal region



TINNITUS TREATMENT BY WEARABLE MULTISENSORY STIMULATION

Emergency calls only 3 N30t = [D99% ) 15:04

Tinnitus
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