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Have we really reached the maximum with what we have?

Success rates for smoking cessation@tzbmonths

with structured counselling:

No Medication
Single NRT

Bupropion

Varenicline/Combined NRT

1 1 1 I
0% 5% 10% 15

s : Even with the best available options,
R over 80% of heavy smokers continue smoking or relapse
Rigotti et al 1022. JAMA = .
Cinciripiniet al 2024., Jama This is the therapeutic gap we need to address!



The limbic system modulates our emotions

rontal

Stress and drugs
produce changes in
brain actlv and
plast|C|tyh CESE




Addictionis abrain disease

Binge/ Intoxication Stage Dysregulationof brain circuitsand network
(Incentivesalience

A Cuereactivity

A Rewardprocessing

A Executive control (e.gttention,
inhibitory control)

Withdrawal/Negative affect Stage
(Rewarddeficit and Stressurfeit)

PreoccupationAnticipation «Craving Stage
(Executivd~unctionDeficit)




What are we
made of?

Electrical and chemical energy




How Is our brain organized?

100 trillion connections (synapses)

Electrical impulses and connections
that shape
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relationships, experiences, desires.




80 billion of neurons
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In many conditions, these connections
become altered, even when there Is no
visible lesion.






Dysfunctionof fronto-striatal activity and dopaminesignaling

In drug-addictedsubjects

%

Cocaine
A%

No smoking Q-3

Methamphetamine (0.0 ng/ml) (0.4 ng/ml) (2.6 ng/ml)
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Comparison Cocaine Abuser Cocaine Abuser
Subject (1 week) (3 months)
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) Low frontal metabolism may contribute to the loss
Heroin of control seen in addiction

Control Addicted

Volkow et al, 2003, 2008
Jasinska et al, 2013



tACS

NONINVASIVE BRAIN STIMULATI

may counteract synaptic dysfunction
In several neurological and psychiatric conditions

Electric field, mV/mm

Tissue Alternating

conductivity current £
== @ ) . o
Maonet o = Neural spike Electric field off Electric field on
e s
I; AVAVA
SHs
o ©O - Time - ,
I P 'Y Q'ﬁ'@;
9 | 1 £ & q,‘“
: Brain 2025, B w0l
T& KOch I " X |
4 = L
i - \ = o 3 Neural spikes l
- - Neurena

\
Prefrontal Cortex — “ \
Secondary
Anterior Cngulate X K’ “ =

Cortex Somatosensory Cortex

S— Basal Ganga ~ ———— — —/ 1 Thalamus

Amygdalty — —

Pan Network Senuctore Accmble By

. Tramacranal Magnetic Stimultation (TMS)
‘ Tramacranial Diectrcal Stimulation (TTS)

Traracrania! Focused Ustrasound (tfUS)



transcranial magnetic
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NEUROMODULATION
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m National Library of Medicine

National Center for Biotechnology Information

ClinicalTrials.gov

Find Studies v Study Basics v Submit Studies v Data and API v Policy v About v

Home > Search Results

Search Details: Viewing 1-10 out of 790 studies for: Non-invasive brain stimulation

Search Details: Viewing 1-10 out of 1,944 studies for: transcranial Direct Current Stimulation

Search Details: Viewing 1-10 out of 2,299 studies for: Transcranial Magnetic Stimulation

FDAand CEapproval for MDD ,anxiety comorbid with depression,
OCD, smoking cessation, psychoactive SUDs Expanding
applicationsin neurologyand psychiatry.



Advances in Neuromodulation and Neurotechnolog

s Cathodal tDCS;
: Transcranial S
Single pulse : inhibitory
T™S direct current
stimulation e
Anodal tDCS;
(tDCS) excitatory

Intracortical (M1-
only: single coil)

Transcranial
alternating
current
stimulation
(tACS)

Paired pulse
T™S

Cortico-cortical
(M1 +other region;
two coils)

Transcranial Non-invasive

Transcranial

magnetic brain electrical
FIMS '("I‘V;‘ir;q"c"cy stimulation stimulation stimulation
inhibitb‘ry Regular Transcranial
Repetitive random noise
r'TMS high-frequency TMS

stimulation
(=5 Hz): excitatory

(tRNS)

Continuous theta-
burst stimulation
(cTBS); inhibitory

Transcranial
ultrasound
(tUs)

Nerve

stimulation
(VNS, GVS)

Intermittent theta-
burst stimulation
(1TBS); excitatory

Bhattacharya A et al 202ibi.org/10.1017/cjn.2021.158



Transcranial Magnetic Stimulatio

Non-invasive

(AAA battery kind of feeling

In your forehead )

FDA approved for depression,
anxious depression

OCD, smoking cessation
Brought to the clinic in 1985
> 23,000 articles on TMS

CE approval in 2021
for substance use disorders

Millions of people have used it

Courtesy of National Geographi



Transcranial Magnetic Stimulatio

what TMS is NOT

Courtesy of National Geographi



Therapeutic Mode: TMS modulates cortical excitability

Inhibitory effects (LTD like effectg

Lowfrequency stimulation (LFBMS; <1Hz)
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Continuougtheta burst stimulation (cTBS) 50Hz
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LTD leads to a ecrease in synaptic stre|
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MEP amplitude

MEP & MEP
Before rTMS 5' After rTMS
|
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Facilitatory effects (LTP like effectg

Highfrequency stimulation (HFBMS; >5Hz)

Intermittent theta burst stimulation (iTBS) 50 Hz

2s (40 pulses)

LTPinvolves a persistent enhancement of
synaptic transmission

2s (40 pulses)




NIBS Neurobiological effects
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PLASTICITY

Changing Cerebral Blood Flow, Glucose Metabolism, and Dopamine Binding Through
Transcranial Magnetic Stimulation: A Systematic Review of Transcranial Magnetic
Stimulation-Positron Emission Tomography Literature

Kaitlin R. Kinney and Colleen A. Hanlon
Michael Nader, ASSOCIATE EDITOR

Pharmacological Reviews October 2022, 74 (4) §18-932; DOI: hitps://oi.org/10.1124/shanmrev.122.000579

CHEMICAL/METABOLIC

Review Article

A Review of Transcranial Magnetic
Stimulation in Vascular Dementia

Glovanrs Pennisi®  Raffacie Ferrl®  MarGigiovanna Cantone*  Giuseppe Lanza®

Manuels Peredsi®™  Luma Vinciguesra® 2" Ris Belly*

ANTFHINFLAMMATORY

ARTICLE
Exp Brain Res. 2011 Oct214(4)549-56. doi. 10.1007/s00221-011-2853-2. Epub 2011 Sep 9. R 0 o 1S | it 3% 01 2075 | Pt 8 o 30 ETTy—
Mechanism of functional recovery after repetitive transcranial magnetic stimulation (rTMS) in the subacute Repetitive magnetic stimulation induces plasticity

cerebral ischemic rat model: neural plasticity or anti-apoptosis?
Yoon KJ, Lee YT, Han TR -
Department of Rehabilitation Medicine, Kangbuk Samsung Hospital, School of Medicine, Sungkyunkwan University, #108, Pyung-dong, Jongne-gu, Seoul 110-746, South Korea. Gt

of inhibitory synapses
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> CNS Neurol Disord Drug Targets. 2022;21(7):557-573.
doi: 10.2174/1871527320666210809121922.

NEUROPROTECTION Repetitive transcranial magnetic stimulation W Mechanisr-ns Involvefl in .Neurol.)rotective Effects of
reduces remote apoptotic cell death and Transcranial Magnetic Stimulation
inflammation after focal brain injury

Javier Caballero-Villarraso ' 2 3, Francisco J Medina # 2, Begofia M Escribano 2 4,
Eduardo Agiiera 2 °, Abel Santamaria ©, Alvaro Pascual-Leone 7 € |saac Tunez # 1 2



Safety and Tolerabllity profile

Clinical Neurophysiology 132 (2021) 269-306

Contents lists available at ScienceDirect

Clinical Neurophysiology

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

Review

Safety and recommendations for TMS use in healthy subjects and patient | &
populations, with updates on training, ethical and regulatory issues: S
Expert Guidelines

Simone Rossi ®*, Andrea Antal >, Sven Bestmann 9, Marom Bikson ¢, Carmen Brewer £
Jirgen Brockmdller#, Linda L. Carpenter h Massimo Cincotta’, Robert Chen/, Jeff D. Daskalakis ke
Vincenzo Di Lazzaro', Michael D. Fox ™™°, Mark S. George °, Donald Gilbert?, Vasilios K. Kimiskidis ",

Giacomo Koch$, Risto J. Ilmoniemi ", Jean Pascal Lefaucheur "', Letizia Leocani ", Sarah H. Lisanby *¥-?,

Carlo Miniussi %, Frank Padberg®®, Alvaro Pascual-Leone **<*¢, Walter Paulus”, Angel V. Peterchev ¢,
Angelo Quartarone *, Alexander Rotenberg %, John Rothwell ¢, Paolo M. Rossini *",

Emiliano Santarnecchi ™, Mouhsin M. Shafi ™, Hartwig R. Siebner ¥, Yoshikatzu Ugawa

Eric M. Wassermann ™2, Abraham Zangen *", UIf Ziemann *°, Mark Hallett *»**,

The basis of this article began with a Consensus Statement from the IFCN Workshop on “Present,
Future of TMS: Safety, Ethical Guidelines”, Siena, October 17-20, 2018, updating through April 2020

Brain Stimulation 13 (2020) 565-575

Contents lists available at ScienceDirect = AR

Brain Stimulation

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

Safety and tolerability of transcranial magnetic and direct current |
stimulation in children: Prospective single center evidence from 3.5 =
million stimulations

E. Zewdie 7<% ¢" P. Ciechanski %€, H.C. Kuo *><%¢ A, Giuffre > &d¢

C. Kahl ><%¢ R King > “%¢ L Cole *™%%¢ H. Godfrey > “%¢, T. Seeger *°,

R. Swansburg > ©%¢, 0, Damji *%¢, T. Rajapakse ™% ¢, ], Hodge * ¢, S. Nelson ©,
B. Selby ¢, L. Gan €, Z. Jadavji *¢, JR. Larson *¢, F. MacMaster >~ ¢, |.F. Yang ,
K. Barlow <9 ¢ M. Gorassini £, K. Brunton €, A. Kirton < d.¢

Mild and Transient Effects

Most common side effects include mild headache, scalp
discomfort, and tingling sensations, typically resolving
within hours

Children and Elderly Population Safety

Extensive evidence confirms safety in older adults and
rehabilitation settings, with no increased adverse events

Contraindications

Standard precautions include metallic implants
in head/neck, pacemakers, and uncontrolled epilepsy

Decades of research establish NIBS as remarkably
safe intervention with excellent tolerability profile.
Serious adverse events remain exceptionally rare
when appropriate screening and protocols are
implemented.

Safe, nonrinvasive technology with excellent tolerance.
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Current Worldwide Annual Prevalence of Cocaine among Adults
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Prevalence of Cocaine among Adults »~

B oreater than 1%
Il 0.6%-1.0%

I 0.4% - 0.5%

[] 0.2%-0.3%

[] lessthan 0.1%

[ ] Data not available
X
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« After cannabis, cocaine is the most frequently used illegal drug globally.

* Between 14 and 21 million people use the drug each year.

* Use is highestin North America followed by Europe and South America.

*« Between one and three percent of people in the developed world use cocaine at some point



nature Rescuing cocaine-induced prefrontal cortex
hypoactivity prevents compulsive cocaine seeking

20 13 Billy T. Chen', Hau - Jie Yau!, Christina Hatch®, Ikue Kusumoto-Yoshida!, Saemi L. Ch()z, F. Woodward H()pf2’3
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— Glutamatergic projections

& Antonello Bonci
- Dopaminergic projections

Optogenetics modulated TMS modulated :

Theprelimbic areain ratsand DLPF{ human/monkey are
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A Working memory

A Temporal processing
A Behavioral flexibility
A Decision Making



r'TMSstimulation protocol of I-DLPFCeducescocaine use andgraving

6
European Neuropsychopharmacology (2016) 26, 37-44 5
H‘J 4
2016 5 g
2 control group
www.elsevier.comflocate/euroneuro é - p=.0038
. . . . ! ™S
Transcranial magnetic stimulation @) coss e
0
of dorsolateral prefrontal cortex
reduces cocaine use: A pilot study . i %
TIME (days)

Alberto Terraneo?®, Lorenzo Le%giob’c’d, Marina Saladini®, : . . -
Mario Ermani®, Antonello Bonci”*"®*, Luigi Gallimberti® Craving score is significantly

reducedin rTMSgroup

Cocaine Patients 10
N=32 09 — rTMS group
| ;o —
I | 1o
Experimental Group Control Group (n = 16) £
(n = 16) rTMS (they also received medications, § 05 p=.0013
(and no medications) e.g. benzodiazepines, bupropion) % 04
% Z: | control group
rTMSProtocol Parameters
Proportion of cocaine free
15 Hz, 15 s intertrairinterval, patients is significantly higher in
100% Oﬁ'MT, 2400 pUlSGS over the leDLPFC rTMSgroup Comparedto control
40 trains, (x=50, y=30, z=36) group.

60 pulses per train,



Where to go next

Clinical trials
versus daily

clinical practice
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Time to firstlapseof cocaine use in full sample antbmparisoncohort (Dodge et al 2011).

1.0

0.9

0.8
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0.4

Proportion with no cocaine use

TMS n=284
Treatment as usual n=173

Median = rTMScohort: 91 days (95% confidence
%  91days interval 76109 days).
. 1 (Cl: 70-109)

GUNBFGYSY( | &1 ddysd (©@8%t -
confidence interval 398 days).
Median = *|_

51 days
(Cl: 39-78)

¢tKS RAFFSNBYOS 06Sig:
patients and'TMSpatients emerges around
80 days.

— o o Of the patients who had at lea%®
months of follow-up, 10 out of 5518%)
maintained abstinence throughout

x- 7 7 0 2 O Bn B & 7 ) S8, 8 6, Gy G2, 2 2 2o &7 8, &
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Days

In both cases patients had just been discharged from an inpatient stay, and both received treatment as needed during eautpatjgnt follow-up.



Mean (SEM) per patient

MaintenancerTMS sessions an@apsesin closelyfollowed subsample month by month
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B Lapses to cocaine use
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30-day period

The graph illustrates more clearly that
the gradual decrease iIn re-
administration of rTMS (green circles)
did not leave patients more vulnerable
to lapsesto cocaineuse(redcircle)

The mean quantity of cocaineuse per
patient waslessthan 1-gr/month.

Mean frequency of cocaine use
significantlydecreasedfrom a mean of
18.7 daymonth to less than 1.0
day month.

The reduction of the rTMS sessionsis
not coupled with an increase of the
number of lapses Thenumber of lapses
remainsstableovertime.



r'TMSstimulation protocol of I-DLPFC for smokingessation

10 daily MRbuidedrTMSsessions over two
weeks to the LDLPFC paired with craving cues

42 treatmentseeking nicotinelependent smokers
(> 10 cigarettes per day)
n=21 activaTMS n=17 sham

rTMSto the LDLPFC for 10 days reduces cigarette
consumption and cued craving for up to one month



