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Non-Invasive Brain Stimulation (NIBS)
Overview

Transcranial Electric Stimulation (TES) Transcranial Magnetic Stimulation (TMS)

tDes

Cathode

(Change neuronal excitabily

tDCS (Transcranial direct current stimulation) rTMS (repetitive Transcranial Magnetic Stimulation)
tACS (Transcranial alternating current stimulation) TBS (Theta Burst Stimulation)

TRNS (Transcranial Random Noise Stimulation)

TENS (Transcutaneous electrical nerve stimulatie)
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Non-Invasive Brain Stimulation (NIBS)
Overview

Stimulation method

Mechanism of action

Frequency of stimulation

Duration of session

Side effects

Costs

rTMS

Magnetic pulses
applied to the brain

Induces electrical currents in
neural tissue

Low-frequency (1 Hz or lower)
High frequency (5 Hz or higher)

Typically 20-30 minutes

Scalp discomfort, headache,
seizures (very rare)

High

TBS

Magnetic pulses
applied to the brain

Induces electrical currents in
neural tissue

Burst patterns (three pulses at
50 Hz, given every 200ms)

Typically 3-5 minutes

Scalp discomfort, headache,
seizures (very rare)

High

tDCS

Electrical current
applied to the brain

Modulates neuronal resting
membrane potential

Constant low current
(typically 1-4 mA)

Typically 20-30 minutes

Mild tingling or itching, rare
adverse effects

Low to moderate

tACS

Electrical current

applied to the brain

Uses a rhythmic electrical
current to synchronize the
brain's natural activity patterns

Constant low current
(typically 1-4 mA)

Typically 20-30 minutes

Mild tingling or itching, rare
adverse effects

Low to moderate

Non-Invasive Brain Stimulation (NIBS)
Overview

Advantage

Disavantage

rTMS

Most widely studied method
Approved by FDA for the
treatment of depression

Expensive, specialized medical
staff is needed, treatment can
only be given in hospital

TBS

Shorter sessions possible
Approved by FDA for the
treatment of depression

Expensive, specialized medical
staff is needed, treatment can
only be given in hospital

tDCS

Easy use, low cost, possible
home-based application, mobile

Not specifically approved yet,
often off-label use

tACS

Easy use, low cost, possible
home-based application, mobile

Not specifically approved yet,
often off-label use

10
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Non-Invasive Neuromodulation

procedure

TMS apparatuur en stoel

12
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Transcranial Magnetic Stimulation (TMS)
Biophysics

Magnetic field generation and electrical current induction m bram ]

(Faraday principle) . Magnetic field

) Electrical current

Magnetic flux
Electric field

13
Transcranial Magnetic Stimulation (TMS)
Biophysics
TMS coil designs
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Transcranial Magnetic Stimulation (TMS)
Biophysics

Effect of coil shape on induced electrical field

Figure-of-eight coil

. Circular coil

15

Transcranial Magnetic Stimulation (TMS)
Biophysics

Effect of coil orientation

total induced electrical field
orthogonal and parallel to precentral gyrus

16
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From stimulus to response

From stimulus to response
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Transcranial Magnetic Stimulation (TMS)
Signal propagation

After local activation, induced neuronal activation propagates to distal areas

RN Ilmoniemi, et al. 1997

' TMS-induced activity is not restricted to the target brain region but
spreads to remote brain regions

21
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Transcranial Magnetic Stimulation (TMS)
Stroke

Full effect of TMS signal propagation can only be understood in terms
of full networks of neuron activation

Modifiziert aus Bestmann et al. (2008)

Non-Invasive Neuromodulation

10
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Magnetic Stimulation Modes
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Transcranial Magnetic Stimulation (TMS)
Magnetic Stimulation Modes

DIAGNOSTIC

| Single pulse

|| Paired pulse

- pulse

28
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Transcranial Magnetic Stimulation (TMS)
Effects on neural systems

Single-pulse TMS induced a
highly (spatial) localized
excitation of single neurons
which interfere with normal
task-related activity

Neuron level and neural signaling

— \/\
nature

COMMUNICATIONS

ARTICLE

Neural effects of transcranial magnetic stimulation
at the single-cell level

Maria C. Romerc'?34, Marco Davare?34, Marcelo Armendariz® '3 & Peter Janssen'?
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Single-pulse TMS induce strong oscillations in the firing rate of these neurons seen on the oscillatory activity in EEG

29

Transcranial Magnetic Stimulation (TMS)
Effects on neural systems

Neuron level and neural signaling

Excitatory Aplcal dendrites
synaptic input | Current flow
3
B
U The balance of these
% excitatory and inhibitory
[ I\ '\ 3 influences determines the
| I A . ere
| | | overall “excitability” or
excitation and inhibition i J } activity level of a brain circuit
Inhibition caused by the activation of neighboring \ ra} or structure, or even of the
inhibitory interneurons slightly later in time \ ! "'f . ’
\\L / whole brain
[ ] O O Isopotential  Axon Basllar
. o _ I dendril
Excitatory Inhibitony Mixed e e
7% 17% %

Single-pulse TMS induce strong oscillations in the firing rate of these neurons seen on the oscillatory activity in EEG
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Transcranial Magnetic Stimulation (TMS)
Magnetic Stimulation Modes

Single pulse stimulation Motor Cortex M1

Scalp target

Cortical target

31

Transcranial Magnetic Stimulation (TMS)
Magnetic Stimulation Modes

Single pulse stimulation Motor Cortex M1 and Motor Evoked Potential (MEP)

© A single TMS pulse can evoke activity in the motor cortex resulting in a muscular motor response (MEP)
that can be measured with EMG. TMS also activates different intracortical circuits within the M1 and
connections from other cortical areas to the M1. These intracortical circuits interact with each other.

32
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Transcranial Magnetic Stimulation (TMS)

Clinical applications

Single pulse TMS protocols can be used to:

(a) assess the presence and severity of neurological impairments
(b) investigate the pathophysiology of the disease

(c) monitor disease progression
(d) evaluate the mechanism of actions of various therapeutic approaches

36

Transcranial Magnetic Stimulation (TMS)

Guidelines Diagnostic TMS

| 2023 I
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2012 —
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Transcranial Magnetic Stimulation (TMS)

Clinical applications

}fﬂ!l‘lﬁ&l’ﬁ ‘ Frontiers in Neuralogy

Transcranial Magnetic Stimulation in
the Treatment of Neurological
Diseases

Fahad A. Somaa’, Tom A. de Graaf®® and Alexander T. Sack ™™

" Department of Ocaupsfional Thersmy, Faculy of Mecical Rehabitalion, King Abuiartz Linersty, Jeodan, Ssud Arabis,

2 Section Brain Stmulstion and Cognition, Dey of Cognithe ! Facufty of gy and !

Masstricht Linfversity, Massirich, . ? Canter of Infag Masstricht Linversity, Mssstrich,
Netherisnds, * Depariment of Psychistry snd Neurpsychology, School for Mentl Health and Neurosckerce, Brain + Nerve
Cantre, Massiricht University Madical Centrs +, Maastnichi, Nethanands
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Transcranial Magnetic Stimulation (TMS)

Clinical applications

’I frontiers SYSTEMATIC REVIEW
: . lished: 27 A 120
in Human Neuroscience doi 103 06

®

i for
| pding

The Neurophysiological Responses
of Concussive Impacts: A Systematic
Review and Meta-Analysis of
Transcranial Magnetic Stimulation
Studies

Emily Scott!, Dawson J. Kidgell?, Ashlyn K. Frazer? and Alan J. Pearce ™

* Collage of Sciance, Health and Engineering, La Trobe Univarsity, Melbourme, VIC, Australis, * Department of Physiotherapy,
Faculty of Medicine, Nursing and Heaith Science, School of Primary and Allied Health Care, Monash University, Meibourne,
VIG, Australia
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Transcranial Magnetic Stimulation (TMS)

Clinical applications

Transcranial magnetic stimulation
confirms hyperexcitability of
occipital cortex in migraine

S.K. Aurora, MD; B.K. Ahmad, MD; K.M.A. Welch, MD; P. Bhardhwaj, MD; and N.M. Ramadan, MD

TMS for Migraine (abortive)

Single-pulse transcranial magnetic stimulation for acute
treatment of migraine with aura: a randomised,
double-blind, parallel-group, sham-controlled trial

Richard B Lipton, David W Dodick, Stephen D Silberstein, Joel R Saper, Sheena K Aurora, Starr H Pearlman, Robert E Fischell, Patricia L Ruppel,

Peter ) Goadsby

40

Transcranial Magnetic Stimulation (TMS)

Clinical applications

https://doi.org/10.1093/brain/awad395 BRAIN 2024: 147; 1423-1435 | 1423

The pathobiology of psychomotor slowing
in psychosis: altered cortical excitability
and connectivity

®Stephanie Lefebvre,? Gwendolyn Gehrig,! ®Niluja Nadesalingam,l'2
(®Melanie G. Nuoffer,">* Alexandra Kyrou,* (Florian Wiithrich™2
and @Sebastian Walther??

the TMS data suggest a specific inhibitory deficit in patients with schizophrenia and hypokinetic motor
abnormalities, i.e. psychomotor slowing and catatonia

41
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Transcranial Magnetic Stimulation (TMS)

Clinical applications

Contents lists available at ScienceDirect

Clinical
Farkinsonism

Clinical Parkinsonism & Related Disorders

AR

» -
FLSEVIER journal homepage: www.sciencedirect.com/journal/clinical-parkinsonism-and-related-disorders

i®

Transcranial and muscular single-pulse magnetic stimulation is efficient on | %
motor functional neurological disorders by the feedback of induced muscle
contractions — A retrospective case series

Bonnan Mickael

Service de Neurologie, Centre Hospitalier de Pau, 64000 PAU, France PRIDOA 5 (2021)

42
Transcranial Magnetic Stimulation (TMS)
Magnetic Stimulation Modes
|t | | | | | | | | | | ;?:ﬂ?:t?;r?rhymmical - 10 pulses / sec
mmerapeumic| AL 1] Stimulation by trains - Jnectan |
train pause . ) 2 sec pause
I .|| (TR TTTNT: ET“B'Zt;f'ﬁ]‘é')fJ'é’Erst - Burstvan 3 puises
timulation
repetitive TMS (rTMS)
Theta Burst Stimulation
43
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Transcranial Magnetic Stimulation (TMS)
Magnetic Stimulation Modes

44

Transcranial Magnetic Stimulation (TMS)
Magnetic Stimulation Modes

? repetitive TMS protocols can either temporarily increase or decrease neuronal excitability

Continuous rhythmical stimulation

* Low frequency rTMS stimulation (< 3Hz)

— Inhibitory effect
1s
. LFTMS o
(s1Hz) T T T T T T T T T T T

* High frequency rTMS stimulation (> 3Hz)

— Excitatory effect

. HF’ms I I I I ]T I L. T LI} LI} T LI T
(>1Hz)

47
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Transcranial Magnetic Stimulation (TMS)
Magnetic Stimulation Modes

Q repetitive TMS protocols can either temporarily increase or decrease neuronal excitability

Theta burst stimulation

* Continuous theta burst stimulation
— Inhibitory effect

e HHHHHEHEHH B EHHHHHHHHH

* |ntermittent theta burst stimulation
— Excitatory effect

® s m T - H—
’H_+ IIIIIIIIIII (RN
48
Transcranial Magnetic Stimulation (TMS)
Magnetic Stimulation Modes
Neuroplasticity (LTP and LTD)
el |
égff e
50
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Transcranial Magnetic Stimulation (TMS)
Magnetic Stimulation Modes
Neuroplasticity (LTP and LTD)
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Transcranial Magnetic Stimulation (TMS)
Effects on neural systems
Neuroplasticity (LTP) synaptic changes
Korte termijn i Lange termijn
el
o
w— i o modification of
_ T dendritic spines
MMMMMM
‘ T ==
change in synaptic exitability |\
driven by NMDA-mediated (1) o
synaptic plasticity Prolsio Kase A gene transcription
protein synthesis
52
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Transcranial Magnetic Stimulation (TMS)
Effects on neural systems

synaptic changes
gene activation
changes

L 73” - {?&}3 modification of
l ¢ — dendritic spines

{Ub ' \ synaptic changes

protein expression

changes
YN\ 1re1ly,
YR IRNE
Modification of dendritic o
spines gene transcription
cirille, G., di Pino, G., Capene, F., Ranieri, F., Flario, L., Todisco, V., Tedeschi, G., Funke, K., & di Lazzaro, V. (2017). . .
Neurobiological after-effects of non-invasive brain stimulation. Brain Stimulation, 10(1), 1-18. pI’OteIn SyntheSIS

53

Non-Invasive Brain Stimulation
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Transcranial Magnetic Stimulation (TMS)
What is it used for?

FDA APPROVED POTENTIALLY EFFECTIVE

Epilepsy

55

Transcranial Magnetic Stimulation (TMS)
Depression

Noémie (17) vraaét euthanasie aan vanwege
psychisch lijden: “niemand kan mij helpen”

56

22



16/10/2024

Transcranial Magnetic Stimulation (TMS)
Depression

2.9 In Belgium, 1 in 3 people
*T feels bad in their skin

9% of the population
experiences depression
.

‘ 33% of those people do
not respond to treatment

Belgium ranks 3rd in Europe '}»
in terms of the highest number 9

of suicides per year

57
Transcranial Magnetic Stimulation (TMS)
Depression
NORMAL BRAIN BRAIN UNDER STRESS
58
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Transcranial Magnetic Stimulation (TMS)
Depression

Before rTMS

Unbalance

Y. Amygdala
‘.’ 72N

f Hyperactivity

Prefrontal f ‘L
Hypoactivity 4

Balanced

Prefrontal Amygdala
rTMS Top down control

59
Transcranial Magnetic Stimulation (TMS)
Depression

BASELINE
AFTER rTMS
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Transcranial Magnetic Stimulation (TMS)

Depression

treatment-resistant

Mean 6-item HAM-D Score

vvvvv

Baseline

Baeken et al., 2019

=@ All participants

Day of Treatment
Cole et al., 2020

61
Transcranial Magnetic Stimulation (TMS)
Depression
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Transcranial Magnetic Stimulation (TMS)
Depression after a traumatic brain injury

Individualized precision targeting of dorsal attention and
default mode networks with rTMS in traumatic brain
injury-associated depression

Sharp et al., 2014

63
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Transcranial Magnetic Stimulation (TMS)
Stroke

Imbalanced interhemispheric activity

A Control subjects Stroke patients

left hand unaffected hand Grefkes et al. 2008

65

Transcranial Magnetic Stimulation (TMS)
Stroke

Paradoxal Functional Facilitation

contralesional el e ipsilesional
increased exitability ) decreased exitability

— Decreased ipsi-contralesional inhibition

Increased contra-ipsilesional inhibition &

decrease contralesional activity ?

N

D inhibitory low-frequency
HF-rTMS (< 1 Hz)

increase ipsilesional activity ?

excitatory high-frequency
HF-rTMS (> 3 Hz)

increased transcallosal inhibition

66

A
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BEROERTE (CVA)
L]

Laag frekwente stimulatie (< 4 Hz)
Abnormaal

Rersenactivatie
re&hts

TMS VERLAAGT
- Hﬂersenactivatie

Transcranial Magnetic Stimulation (TMS)

Stroke
Clinical study
Stroke o
VMolume 54, Issue &, August 2023 Pages 1962-1971 aruarr:cn
https://idoi.org/10.116 1/STROKEAHA. 123.042924 v Association.
CLINICAL TRIALS

Continuous Theta-Burst Stimulation of the Contralesional
~ .J Primary Motor Cortex for Promotion of Upper Limb Recovery
- «£ After Stroke: A Randomized Controlled Trial

Jord J.T. Vink, MSc *, Eline C.C. van Lieshout, PhD ‘, Willem M. Otte, PhD, Ruben P.
van Eijk, PhD (=}, Mirjam Kouwenhoven, MD, Sebastiaan F.W. Neggers, PhD ({2}, H. Bart v
der Worp, MD, PhD {2}, Johanna M.A. Visser-Meily, MD, PhD, and Rick M. Dijkhuizen, PhD

68
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Transcranial Magnetic Stimulation (TMS)
Stroke

Clinical study

Prep (20min) + cTBS (1min) physical therapy (1h)

a o

2 ¥
+ 7k

i
)

ul

Primary
First cTBS Outcome Outcome outcome Outcome Outcome
Stroke onset treatment Final cTBS nent nent nent nent nent
0 - 3 weeks l 2 weeks l 1 week l 3 weeks l l
. Stroke onset 3 months 6 months 1 year
. cTBS treatment post-stroke post-stroke post-stroke
Outcome
. Outcome assessment sssessimiant

69

Transcranial Magnetic Stimulation (TMS)
in neurorehabilitation

De "!!-! straat
Revalidatic

éﬁ? 'UMC Utrecht

(&/DCRM

Nieuwe
hersenstimu ﬁ'_",‘zrlfqu_._}"_fj.?|'|]g Hersenstimulatie
','Efb(f{@l"[ motorisch If~§"S[E‘| voor het verbeteren

van uitkomsten van

Na een peroerte re} tie
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Transcranial Magnetic Stimulation (TMS)

in neurorehabilitation

Federatie
Medisch
Specialisten

Herseninfarct en hersenbloeding

Non-invasieve hersenstimulatie met rTMS

Vooral stimulatie van de contralaterale, gezonde hemisfeer met LF rTMS of iTBS binnen drie
maanden na een herseninfarct of —bloeding is herhaaldelijk geassocieerd met een beter herstel van

uiteenlopende functies.

71
Transcranial Magnetic Stimulation (TMS)
in neurorehabilitation

N ASSR umssoe
Editorial
Neurorehabilitation and
. Neural Repair
International Stroke Recovery and 2024, 35(1) 36
P . @ The Author(s) 2023
Rehabilitation Roundtable Consensus Aride s pines
Statements Are Driving Growth and ol xgpubeomiermsione
Progress in Our Field § Sage
Kathryn S. Hayward, PhD', Gert Kwakkel, PhD?,
and Julie Bernhardt, PhD?
72

30



16/10/2024

Transcranial Magnetic Stimulation (TMS)

in neurorehabilitation

International Stroke Recovery and
Rehabilitation Roundtable Consensus
Statements Are Driving Growth and
Progress in Our Field

Kathryn S. Hayward, PhD', Gert Kwakkel, PhD?,
and Julie Bernhardt, PhD*

Table I. Topies for Which Consensus Recommendations Were Established in the First, Second, and Third Stroke Recovery and

wion Roundeable efforts.

Rehabi

Taskforce topic

Provides consensus recommendations for

SRRRI
Timeline definitions’

Biomarkers®

Standardized measurement of sensorimotor recovery®

Preclinical and clinical alignment®

Monitoring and reporting of stroke racovery research’

SRRR2
Preclinical and clinical trial development®

Cogaition”

Translation into practice'®
Standardized measurement of quality of movement'!

SRRR3
Control comparator trial design’?

Facigue®®

Common language and definitions far stroke recovery and rehabilicaion
field and an agreed vision for accelerating progress in stroke recovery
research.

Biomarkers that were considered ready o be included in cinical trials,
and others that were promising and represent a developmental
priority.

Core measurement standards and patient characteristics that should
be collected in all future stroke recovery trials to help build our
understanding of the trajectory of stroke recovery and aid discovery

new and more targeted treatments.

Appropriate preclinical stroke recovery research and ta align preclinical

o clinical stroke recovery studies 1o avoid past mistakes an
maximize clinical transiation.

Issues identified as limiting stroke rehabilitation research in the areas
of developing. monitoring, and reporting stroke rehabilitation
inearventions

Key knowledge units to develop stroke recovery treatment trials that
can be addressed within a framework that defines GO and NO-GO
decision pathways to guide selection of the most sppropriate trial
(including phase) given current knowledge.

ive assessments to be integrated into stroke recovery studies
generally and defined priorities for ongoing and future research for
stroke recovery and rehabilitation.

Research evidence to be prioritized for implementation into stroke
rehabilitation practice to have maximal impact.

Kinematic and kinetic movement quantification for standardized
measurements of sensorimotor recovery in stroke trials.

Challenges that impact control comparator design that can be
addressed with a tool produced to guide control comparator
selection, description, and reporting of preclinical and clinical trials in
stroke recovery and rehabilication.

Definition, clinical screening tools, and outcome measurement for
fatigus after s ovided 3 roadmap for fururs research

Non-invasive brain stimulation'

OQutstanding barriers for the translaion of preclinical and clinical
research using the non-invasive brain stimulation techniques,
transcranial magnetic stimulation, and transcranial direct current
stimulation and provided a readmap for the integration of these
techniques into clinical practice.

ST Balnce and mobily

SutEoms TnstrUments Tor messuring Balnce and moBiy
recovery after stroke to eptimize the quality of stroke rehabilitation
and recovery studies and to enable data synthesis across trials.

73

Non-Invasive Neuromodulation

31



16/10/2024

Transcranial Magnetic Stimulation (TMS)
in neurorehabilitation

Data derived from multiple
randomized clinical trials or meta-
analyses.

Level of Evidence B

Data derived from a single randomized
clinical trial or large non-randomized
studies.

Level of Evidence C

Consensus of opinion of the experts
and/or small studies, retrospective
studies, registries.

Table 20

Summary of recommendations on rMS efficacy according to clinical indicarion

Neuropathic pain

Definite analgesic efficacy of HF-ITMS of M1 c to pain side (Level A), while LF-rTMS is probably ineffective (Level B)

CRPS type |
Fil a
Fibromyalgia
Parkinson's disease
Parkinson's disease
Motor stroke
Motor stroke
Motor stroke
Post-stroke aphasia
Hemispatial neglect

Multiple selerosis

Epilepsy
Alzheimer's disease

Tinnitus

Depression
Depression
Depression
Depression

Depression
Depression

Post-traumatic stress
disorder

Schizophrenia:auditary
hallucinations

Schizophrenia: negative
symptoms

Addiction and craving

Possible analgesic efficacy of HF-rTMS of M1 contralateral to pain side {Level €)
Probable efficacy of HF-TMS of the left M1 in improving quality of Iife of patients with fibromyalgia (Level B}

Probable analgesic efficacy of HF-rTMS of the left DLPFC in patients with fibromyalgia (Level B)

Probable efficacy of HF-fTMS of bilateral M1 regions in motor symptoms of PD patients (Level B)

Probable antidepressant efficacy of HF-rTMS of the left DLPFC in PD patients (Level B)

Definite efficacy of LF-FTMS of contralesional M1 in hand motor recovery at the postacute stage [Level A)

Probable efficacy of HF-fTMS of ipsilesional M1 in hand motor recovery at the postacute stage (Level E)

Passible efficacy of LF-FIMS of contralesional M1 in hand motor recovery at the chronic stage (Level C)

Probable efficacy of LF-rTMS of right IFG in nonfluent aphasia recovery at the chronic stage (Level B)

Possible efficacy of cTBS of the lesional left parietal in I hemineglect recovery at the post-acute stage of stroke (Level

i
Probable efficacy of ITBS of the leg area of M1 contralateral to the most affected limb (or buth M1) in lower Bmb spasticity (Level
B)
Possible antiepilepric efficacy of LF-rTMS of the epileptic focus (Level C)
Possible efficacy of multisite rTMS-COG to improve cognitive function, memory and language level of AD patients, especially at a
mibdjearly stage of the disease (Level €}
Possible efficacy of LF 'TMS of the auditory cortex of the left hemisphere (or contralateral to the affected ear) in chronic tinnitus (Level
€
Definite antidepressant efficacy of HFE-rTMS of the left DLPFC in major depression using a figure-of-8 coil or a H1-cail (Level A)
Definite antidepressant efficacy of deep HF-FTMS over the left DLPFC in major depression (Level A)
Probable antidepressant efficacy of LE-rTMS of the right DLPFC in major depression (Level B)
Probabie antidepressant efficacy of bilateral right-sided LF-rIMS and left-sided HF-rTMS of the DLPFC in major depression (Level
B)
Probable antidepressant efficacy of bilateral right-sided ¢TBS and left-sided ITES of the DLPFC in major unipolar depression
(Level B), while unilateral right-sided cTBS is possibly ineffective (Level C)
Possibly no differential antidepressant efficacy between: right LF-¥TMS vs. left HE-rTMS, bilateral vs. unilateral rTMS of the
DLPFC. and rTMS alone vs. combined with (Level ©)
Probable efficacy of HF-rTMS of the right DLPFC in PTSD (Level B)

Possible efficacy of LF-rTMS of the right DLPFC in OCD (Level €)
Possible efficacy of LE-rTMS of the left TPC in auditory hallucinations in schizophrenia (Level €)
Pssible efficacy of HF-rTMS of the left DLPFC on negative symptoms of schizophrenia [Level C)

Passible efficacy of HF-rTMS of the left DLPFC on cigarette craving and consumption (Level €)

Inall ather conditions, there is “no recommendation”. which means the absence of sufficient data te make a recommendation. but not the evidence for an absence of effect.

Recommendations that change from our previcus work {Lefaucheur et al., 2014) are shown in bold.
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Indications

Transcranial Magnetic Stimulation (TMS)

Depression
0OCD

Epilepsy
Dementia Alzheimer’s disease

Motor stroke: contralesional motor cortex
Motor stroke: ipsilesional motor cortex
Stroke: hemispatial neglect

Post-stroke non-fluent aphasia

Stroke: Dysphagia

Concussion

Neuropathic pain

Non-neuropathic pain

MS

Parkinson’s disease: movement disorders

Parkinson’s disease: levodopa-induced dyskinesia

Parkinson’s disease: depression

Pelvic floor stimulation

Fibromyalgia

Visceral pain

Post-traumatic stress dsorder (PTSD)
Addictive disorders

Essential tremor (cerebellar stimulation)
Tinnitus

Addictive disorders

ASS

ADHD

Whiplash
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Brain Research Bulletin 148 (2019) 1-9

Contents lists available at ScienceDirect

Brain Research Bulletin

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

Transcranial magnetic stimulation in subjects with phantom pain and non-
painful phantom sensations: A systematic review
Raffaele Nardone™™", Viviana Versace®, Luca Sebastianelli®, Francesco Brigo™,

Monica Christova®’, Giuditta Ilaria Scarano®, Leopold Saltuari®", Eugen Trinka™",
Larissa Hauer™, Johann Sellner™"
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Expert Guidelines TMS | 2021 J

Contants lists available at ScienceDiroct

Pa ﬂ Clinical Neurophysiology Q

{ 2009 | ELSEvir -

Review
b Safety and recommendations for TMS use in healthy subjects and patient = )

g Clinical Neurophysiology ° populations, with updates on training, ethical and regulatory issues: ==
e Iournst nomepage: werw.elaavier somnossteicingh Expert Guidelines
i Simone Rossi**, Andrea Antal **, Sven Bestmann , Marom Bikson , Carmen Brewer ',
AL i . Jirgen Brockmaller ¥, Linda L. Carpenter”, Massimo Cincotta', Robert Chen', Jeff D. Daskalakis”,
Safety, ethical considerations, and application guidelines for the use of Vincenzo Di Lazzaro', Michael D. Fox ™", Mark S. George *, Donald Gilbert %, Vasilios K. Kimiskidis’,
transcranial magnetic stimulation in clinical practice and research Giacomo Koch®, Risto J. limoniemi ', Jean Pascal Lefaucheur ', Letizia Leocani ™, Sarah H. Lisanby ***/,
Simone Rossi**. Mark Hallett”, Paclo M. Rossini %, Alvaro Pascual-Leone and Carlo Miniussi, Frank Padberg ', Alvaro Pascual-Leone * Walter Paulus”, Angel V. Peterchev *,
The Safety of TMS Consensus Group ' Angelo Quartarone *', Alexander Rotenberg **, John Rothwell °, Paolo M. Rossini ",

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

Eric M. Wassermann *™~', 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

ok place
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Safety guidelines recommendations for TMS

» Patient screening
— Medical history
— Family history
— Use of medication
» Treatment dose/duration

— Max train duration of 4.2s for 10Hz rTMS at
120% RMT

— Inter-train intervals

» Training
INTERNATIONAL
CLINICAL

TMS CERTIFICATION
COURSE
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Contraindications

1. The only absolute contraindication to TMS/rTMS is the presence of
metallic hardware in close contact to the discharging coil (such as cochlear
implants, or Internal Pulse Generator or medication pumps).

2. All the rest contraindications are relative ones. In each individual case the
benefit of the test should be weighed against possible adverse effects.
+ Increased risk of inducing seizure:

o related to the protocol of stimulation;

o related to the disease or patient’s condition (epilepsy, lesion of the brain,
administration of drugs that potentially lower seizure threshold, sleep
deprivation, alcoholism).

* Increased risk of other events:

o related to patient’s condition (implanted brain electrodes, pregnancy, severe or
recent heart disease.

81
Transcranial Magnetic Stimulation (TMS)
Safety
Neuropsychiatric Disease and Treatment Dove
Neuropsychiatric Disease and Treatment 2020:16 2989-3000
REVIEW
Transcranial Magnetic Stimulation (TMS) Safety
with Respect to Seizures: A Literature Review
Debra ] Stultz I' '“'“”T" Deve Press journa
Savanna Osburn
Tyler Burns
Sylvia Pawlowska-Wajswol
Robin Walton
» The risk of TMS-related seizures is < 1% overall.
* TMS has successfully been used in patients with epilepsy, traumatic brain
injuries, and those with a prior TMS-related seizure.
82
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Brain Neurorehabil. 2021 Mar;14(1):e6 l ' I I l
https://doi.org/10.12786/bn.2021.14.e6

PISSN 1976-8753-eISSN 2383-9910 Brain & NeuroRehabilitation
Special Review Safety Review for Clinical Application
M) Check for updates IR . o
of Repetitive Transcranial Magnetic
Stimulation

Won-Seok Kim, Nam-Jong Paik

Department of Rehabilitation Medicine, Seoul National University College of Medicine, Seoul National
University Bundang Hospital, Seongnam, Korea

HIGHLIGHTS

« Repetitive transcranial magnetic stimulation (rTMS) conforming to the safety guideline
is generally safe.
« Any precautions and risks for rTMS should be screened prior to starting rTMS.
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Based on the vast amount of safety data collected over the past 30 years, several publications,
meta-analyses, reviews, guidelines and consensus papers have provided peer-reviewed evidence-
based assessments of the safety of TMS (see e.g., Rossi et al.,, 2020) as well as low output
transcranial electric stimulation, TES (see e.g., Antal et al., 2017; 2022; Bikson et al., 2018a; b;
Caulfield et al., 2022; Zewdie et al., 2020). Based on these data, the current scientific and
clinical evidence suggests both rTMS and low intensity TES are safe treatment and research
interventions with few and mild adverse effects.

The prominent mentioning of rTMS/TES-related seizure risks contradicts the most recent
consensus statement in the field based on actual clinical data which demonstrated that observed
seizure rates are so much lower than previous guidelines advised, that the prior caution about
seizure risk is no longer supported by scientific evidence (Rossi et al., 2020).

To put this into perspective, the likelihood of a seizure from rTMS (0.003%) is lower than that
associated with the use of antidepressants and antipsychotics (0.1-1, 5%), which are one of the
most frequently prescribed treatments for depression (George et al., 2013).

84

36



16/10/2024

Transcranial Magnetic Stimulation (TMS)
Safety

Uit het onderzoeksprotocol voor B-STARS2:
The most serious adverse effect is the occurrence of a seizure at a crude risk of approximately 0.02% per
stimulation session, as reported in a systematic review of 67 studies with 1,040 subjects and >4,500
sessions. (1/4500 sessions)

More common adverse events during and after TBS are transient headache and neck pain, reported by
<3% of subjects.

CTBS treatment did not lead to seizures in our phase Il trial (B-STARS). We only observed mild side
effects, such as headache (<4%) and muscle pain (<1%) and the intervention was reported to be tolerable
and comfortable.

Oberman, Lindsay, et al. "Safety of theta burst transcranial magnetic stimulation: a systematic review of the literature."
Journal of Clinical Neurophysiology 28.1 (2011): 67.
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