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Estimulacion Magnética Transcraneal

Sylvanus P. Thompson, 1910

Un campo magnético que
cambia en el tiempo puede
inducir una corriente eléctrica
en un conductor cercano.

Anthony T. Barker, 1984
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Estimulacion Magnética Transcraneal

60
40
20
0 L
L S
S
- -20
@
o -40
<
Q -60
[ 5
a.
©
O 200
| .
@ 4
Efecto de los trenes de EMTr sobre la amplitud de o 150
los PEM enel PID [WN]
S 100
(10 Hz, 90% Motor Threshols, 10s, 5 min inter- c
train interval ) (@] p
o 50 LIy
o~ .
BASELINE © 0 A
After - ¥
1 Train .50
After l’n\[,‘—\'llp,
2 Train -100 femporal Gyrus
BA 22
After 1Hz 10 Hz
3 Train .
- rTMS condition
After I'\‘."lc.t‘d'a' et al, 2UUU
10 min.
Rest

Universidad

Catdlicade  (Cljnicas UCV CITSAM Programa de Neuromodulacion Personalizada y de Precision JM Tormos

an Vicente Martir




CAMD B A AAD DIy

D G

A\ Universidad
Catélicade  Clinjcas UCV CITSAM Programa de Neuromodulacion Personalizada y de

San Vicente Martir




Puede ayudar la Estimulacion Cerebral No Invasiva?
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.. ayudar en la recuperacion de la mano plégica...?
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ECNI y rehabilitacion motora
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ECNIy Lenguaje
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Puede ayudar la Estimulacion Cerebral No Invasiva?
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... después de un Ictus?

» ;Por qué se altera la capacidad de utilizar la
mano o de hablar después de un ictus?

» ;Qué se altera después del Ictus?

» ¢Como recuperar la funcionalidad perdida?
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... después de un Ictus?

» ;Por qué se altera la capacidad de utilizar la

mano o de hablar después de un ictus?

* ;Qué se altera después del Ictus?

« ;COmo recuperar la funcionalidad perdida?

S\ Universidad

j) Catélica de Clinicas UCV CITSAM Programa de Neuromodulacion Personalizada y de Precision JM Tormos



¢Queé queremos rehabilitar o
recuperar después de una
lesion?




Movimientos Vs Acciones

* No hacemos movimientos, sino acciones
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Movimientos Vs Acciones

* No hacemos movimientos, sino acciones
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Movimientos Vs Acciones

* No hacemos movimientos, sino acciones
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Movimientos Vs Acciones

* No hacemos movimientos, sino acciones ’
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Movimientos Vs Acciones

 No hacemos movimientos, sino acciones . T
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Recuperar la funcionalidad de la
extremidad superior después de un ictus

consiste en recuperar patrones de
conexion utiles

Para desarrollar acciones adecuadas
a cada estimulo especifico

i Clinicas UCV CITSAM Programa de Neuromodulacion Personalizada y de Precision



¢Cual es el truco?

Inducir la activacion de circuitos
adecuados para que cada estimulo
evogue la respuesta motora deseada.
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+ ;Como podemos modular la actividad de
los circuitos para que rehabilitacion sea
mas efectiva?

» Potenciar las conexiones adecuadas

* |nterferir actvidad inadeacuada

* No tenemos un plan de emergéncia para
las lesiones cerebrales
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AUl ER

Clin Neurophysiol. 2020 Feb;131(2):474-528. doi: 10.1016/j.clinph.2019.11.002.

Level A (definite efficacy):

e
AR

:.‘; :‘?‘ﬂ Clinical Neurophysiology Q + Analgesic effect of high-frequency (HF) rTMS of the primary motor cortex (M1)

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

Contents lists available at ScenceDiroct

contralateral to the pain

Evidence-based guidelines on the therapeutic use of repetitive « Antidepressant effect of HF-rTMS of the left dorsolateral prefrontal cortex (DLPFC).

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

Jean-Pascal Lefaucheur """, André Aleman*, Chris Baeken ", David H. Benninger*, Jéréme Brunelin",
Vincenzo Di Lazzaro', Sasa R. Filipovi¢/, Christian Grefkes "', Alkomiet Hasan ", Friedhelm C. Hummel "7,
Satu K. Jadskeldinen “, Berthold Langguth”, Letizia Leocani”, Alain Londero', Raffaele Nardone """, - -
Jean-Paul Nguyen™”, Thomas Nyffeler ***, Albino J. Oliveira-Maia ***. Antonio Oliviero™, + antidepressant effect of low-frequency (LF) rTMS of the right DLPFC,
Frank Padberg ™, Ulrich Palm ™%, Walter Paulus *", Emmanuel Poulet 41 Angelo Quartarone ¥/,

i Ax alam 3 2 an a0 3 T . . .
R e AR RSN N RUEAT M O *  HF-rTMS of the left DLPFC for the negative symptoms of schizophrenia

Level B recommendation (probable efficacy)

* LF-rTMS of contralesional M1 in chronic motor stroke.

Level C (possible efficacy)

* LF-rTMS of the left temporoparietal cortex in tinnitus and auditory hallucinations.

* It remains to determine:
* How to optimize rTMS protocols and techniques to give them relevance in routine clinical practice.

« Training to ensure the quality of the technical realization, guarantee the proper care of patients, and

maximize the chances of success for professionals carrying out rTMS protocols

«  The therapeutic use of rTMS should be able to develop in the coming years.
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AUl ER

Review > Clin Neurophysiol. 2017 Jan;128(1):56-92. doi: 10.1016/j.clinph.2016.10.087. - Level A (definite efficacy) for any indication.
Epub 2016 Oct 29. ) )
» Level B recommendation (probable efficacy)
Evidence-based Guidelines on the Therapeutlc Use of « (i) anodal tDCS of the left primary motor cortex (M1) (with right orbitofrontal cathode) in
Transcranial Direct Current Stimulation (tDCS) fibromyalgia;
Jean-Pascal Lefaucheur 1, Andrea Antal 2, Samar S Ayache 3, David H Benninger #, Jérome « (i) anodal tDCS of the left dorsolateral prefrontal cortex (DLPFC) (with right orbitofrontal cathode) in

Brunelin 2, Filippo Cogiamanian &, Maria Cotelli 7, Dirk De Ridder 8, Roberta Ferrucci ¢, Berthold
Langguth @, Paola Marangolo "0, Veit Mylius ', Michael A Nitsche 2, Frank Padberg '3, Ulrich
Palm '3, Emmanuel Poulet ', Alberto Priori ', Simone Rossi '8, Martin Scheckimann 2, Sven
Vanneste 7, UIf Ziemann '8, Luis Garcia-Larrea 19, Walter Paulus 2

major depressive episode without drug resistance;
« (i) anodal tDCS of the right DLPFC (with left DLPFC cathode) in addiction/craving.
» Level C recommendation (possible efficacy)
« anodal tDCS of the left M1 (or contralateral to pain side, with right orbitofrontal cathode)
» chronic lower limb neuropathic pain secondary to spinal cord lesion.
« Level B recommendation (probable inefficacy) is conferred on the absence of clinical effects of:
« (i) anodal tDCS of the left temporal cortex (with right orbitofrontal cathode) in tinnitus;
« (i) anodal tDCS of the left DLPFC (with right orbitofrontal cathode) in drug-resistant major
depressive episode.
* It remains to be clarified whether:
» The probable or possible therapeutic effects of tDCS are clinically meaningful
* How to optimally perform tDCS in a therapeutic setting.
« Easy management and low cost of tDCS devices allow at home use by the patient
»  Ethical and legal concerns with regard to potential misuse or overuse.
« We must be careful to avoid inappropriate applications of this technique by ensuring rigorous
training of the professionals and education of the patients.
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El principio de Mafalda

Basada en la evidencia
Vs
Predicitiva Personalizada Precision

(iUNA TUERCA!
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Cuando el déficit de la funcion no es la consecuencia directa de la lesion

right hemispshere lell hemisphers

e

Controls
n=14

dlewctivition

activation

Follow-up:
Palient

Heiss et al; 1999, Ann of Neurology B 2 woeks 2and B wesks N Hund-Georgiadis, et al; 2000, Neurology
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La plasticidad siempre nos sorprende

\ \\':'\\\\
N R

™~

AR

RN

B
s .
: . ‘
3
g
-]
<

Contralesional Ipsilesional

N euromo d u I daC | (,) n i - hemisphere hemisphere

o\ Universidad

Catdlicade  (Cljnicas UCV CITSAM Programa de Neuromodulacion Personalizada y de Precision JM Tormos

San Vicente Martir




La plasticidad siempre nos sorprende
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- Base fisiopatoldgica * rT\/MS
% Disminucion excitabilidad del hemisferio LETTMS
lesionado v HE-rTMS
«» Aumento de excitabilidad areas remotas
(contralaterales) v iTBS
 Objetivo terapéutico v ¢TBS
«»» Aumenta la excitabilidad en el hemisferio lesionado
< Corregir inhibicion interhemisférica e tDCS
« Patron de cambios dindmicos v A-tDCS
<+ Fase aguda: v C-tDCS
> recuperacion excitabilidad de las conexiones remanentes
“*Fase Sub aguda: v D-tDCS

» Cambios de excitabilidad entre redes

< Fase crénica: v tACS
> Aumento de eficiencia de conectividad sinaptica
v tRNS
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- Base fisiopatologica * rT\/MS o
+»*Disminucion excitabilidad del hemisferio LF-rTMS (HS): cronico
lesionado v HF-rTMS (HL): subagudo
+* Aumento de excitabilidad areas remotas
(contralaterales) v iTBS
 Objetivo terapéutico v ¢TBS (HS): crénico
«» Aumenta la excitabilidad en el hemisferio lesionado
< Corregir inhibicion interhemisférica e tDCS
« Patrén de cambios dinamicos v A-tDCS (HL): subagudo
“Fase aguda: v C-tDCS (HS): crénico
> recuperacion excitabilidad de las conexiones remanentes
*+Fase Sub aguda: v D-tDCS: agudo
» Cambios de excitabilidad entre redes
< Fase cronica: v tACS

> Aumento de eficiencia de conectividad sinaptica

v tRNS
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Hacia la personalizacion...
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TMS Pulse

TMS evoked potential (TEP)

Cortical
Evoked

Potentials

Descending | |
Volleys o 3

Motor Evoked {Peak-to-Peak
Potentials Amplitude 1 otf—
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TMS: Paired-Pulse
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Correlato neurobioldgico de paradigmas EMT en corteza motora

 Equilibrio excitador - inhibidor 2 400

Conditioning TMS
Test TMS gofitiol

Interstimulus
interval

=2ms _‘__%__

=12ms ‘—'—%

NMDA Glutamato B ol . > 48 = .
0-5mV

-
0 5 10 15 20
25 ms Interstimulus Interval (ms)

GABA A

« SICI (short intra cortical inhibition)

GABA

« LICI (Long intra cortical inhibition)

Percentage of control size

« CSP (Silent Period)

 ICF (Intra cortical facilitation)

° ACh MEPe(:mpl(tude
mV)

A

« SAl (short latency afferent inhibition)

 Plasticity mechanisms

« PAS (paired associtative stimulation)
« LTP (25msec interval)
« LTD (10msec interval)

* rTMS modulation

« iTBS/ cTBS modulation
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Correlato neurobioldgico de paradigmas EMT en corteza motora

 Equilibrio excitador - inhibidor

Test Test
GABA A
SICI (short intra cortical inhibition) Interveptiona} paired
GABA B pre stimulation post

LICI (Long intra cortical inhibition)
SP (Silent Period)

NMDA Glutamato
ICF (Intra cortical facilitation)

« ACh

SAl (short latency afferent inhibition)

 Plasticity mechanisms

PAS (paired associtative stimulation)
LTP (25msec interval)
LTD (10msec interval)

rTMS modulation

iTBS / ¢cTBS modulation
ISI 10 msec ISI 25 msec
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Modulando la excitabilidad cortical mediante rTMS

120120Hz .

90 r=.543
60 p <.013
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ELSEVIER Clinical Neurophysiology 111 (2000) 800805

www.elsevier.com/locate/clinph

-30 1
Modulation of corticospinal excitability by repetitive transcranial o
magnetic stimulation 1207 10Hz

Fumiko Maeda® °, Julian Paul Keenan®, Jose Maria Tormos® ¢, 90 . ;,:%650

Helge Topka®, Alvaro Pascual-Leone® ¢* o LSy
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Correlato neurobioldgico de paradigmas EMT en corteza motora

oy . . . e . e
 Equilibrio excitador - inhibidor o
« GABAA &z
SICI (short intra cortical inhibition) %
. GABAB Baseline Following iTBS 140 1iTRS [
D 600 pulses [ T 130 LTP-like Plastici
« LICI (Long intra cortical inhibition) overi®is ‘ 8% 120 e SREe
. . \ l l@ ‘ /‘ :.35 1.10 - ‘
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:l Fo"owmg CTBS o g 1.00 1 v Baseling e ]
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| & ] LTD-like Plastici 5
 ICF (Intra cortical facilitation) ¥——JL’—{ = cTBS ' =
0.70 T T T T T T T
— 5 10 20 30 40 50 60 75
* ACh Time after TBS [min]

« SAl (short latency afferent inhibition)

Bursts of 3 pulses
at50 Hz Frontiers Synaptic Plasticity 2011; Brain Topography 2011; Eur J Neurosci 2012

 Plasticity mechanisms

« PAS (paired associtative stimulation)
« LTP (25msec interval)
« LTD (10msec interval)

e rTMS modulation
e iTBS /cTBS modulation
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Estimulacion cerebral no invasiva en rehabilitacion de la memoria

Rev Neurol. 2010 Mar 3;50 Suppl 3:53-10.

[The reticular paradigm of cortical memory].

[Article in Spanish]
Fuster JM'.

(a) Executive memory  Perceptual memory

TRENDS in Cognitive Sciences

Universidad
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Science. 2014 Aug 29;345(6200):1054-7. doi: 10.1126/science.1252900.
Targeted enhancement of cortical-hippocampal brain networks and associative memory.
Wang JX, Rogers LM, Gross EZ, Ryals AJ, Dokucu ME, Brandstatt KL, Hermiller MS, Voss JL.

" Study (20 face/word pairs):
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El hipocampo apoya la memoria asociativa al interactuar con
regiones cerebrales funcionalmente distintas y distribuidas
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Stimulacion cerebral No INvasiva en renabllitaCion de tunciones

ejecutivas

Ensayo controlado aleatorio del efecto potenciador de la estimulacion transcraneal de ruido
aleatorio (tRNS) en la rehabilitacién cognitiva de pacientes con lesion cerebral traumatica
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Cuando el déficit de la funcion no es la consecuencia directa de la lesion
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Follow-up:
Patient
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Muchas gracias!!
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