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CONCEPTOS BASICOS Y
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EMTr

o La EMT fue
introducida por
Baker et al. en

1985.

o Consiguieron la
estimulacion
magnética de la
corteza motora
humana.

Baker AT, Jalinous R, Freeston IL. Non-invasive
magnetic stimulation of the human motor cortex.
Lancet 1985;1:1106-1107.

AT Baker con su maquina de EMT en 1985.



EMTr

Basada en el principio de induccion electromagnética

descrito por Michael Faraday en 1831, principio en el
cual la energia eléctrica se puede convertir en campos

magnéticos, y los campos magnéticos se pueden
transformar en energia eléctrica.
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EMTr

o La EMT es un sistema de estimulacion no
invasivo de |la corteza cerebral humana.

o El proceso de estimular de forma repetitiva
una area cerebral determinada se
denomina EMT repetitiva (EMTr).
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EMTr. Conceptos basicos

o Al aplicar EMT, lo que ocurre es que una corriente
eléctrica pasa a través de una bobina de
estimulacion situada sobre el cuero cabelludo, si ésta
tiene la fuerza y la duracion adecuadas, se generan
campos magnéticos que penetran en el cuero

cabelludo, craneo y meninges, vy llegan al cerebro con
una atenuacion insignificante.

o Estos campos magnéticos inducen una corriente
electrica en el tejido neural.
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EMTr. Conceptos basicos

o Este fendomeno da lugar a la despolarizacion
de la membrana de las neuronas y produce
un potencial de accion que se propaga a lo
largo de la membrana.

o La corriente eléctrica inducida en el tejido
neural corre paralela a la superficie cortical
cuando la bobina se situa tangencialmente al
cuero cabelludo.
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Pasos implicados en la EMT

' 1 Estimulador EMT

2 Bobina EMT

Mapa del campo magnético creado
,por la boblna

4 Cortex cerebral

Stimulating coil
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Transcranial magnetic stimulation in clinical psychiatry. Edited by George MS, Belmaker RH. American
Psychiatric Publishing, Inc, 2007.



EMTr. Conceptos basicos

o La resolucidon espacial es de aproximadamente 1cm? x
2-3 cm de profundidad, por lo cual no se pueden
estimular directamente estructuras subcorticales.







Efectos biologicos de la EMTr

o Respuesta macroscopica
Cambios conductuales.

Cambios en el flujo sanguineo y
metabolismo (PET, SPECT, RMNf).

Contracciones musculares (EMG).

Cambios en la actividad bioeléctrica
cerebral (EEG).




Efectos biologicos de la EMTr

o Respuesta microscopica

Despolarizacion de la membrana de
la neurona.

Aumento de la actividad sinaptica.

Potenciacion o inhibicion a largo
plazo.




Efectos biologicos de la EMTr

o Cambios neurobiologicos

Cambios en |la secrecion de
neurotransmisores.

Efectos neuroendocrinos.
Plasticidad neuronal.

Modulacion de los circuitos cortico-
corticales y cortico-subcorticales.




Parametros de la EMTr

o Los principales parametros que intervienen
en la EMTr son:

Lugar de
estimulacion

Sitio de
estimulacion
(conocimiento
tedrico, hipodtesis

Intensidad
del campo
magneético
producido

Porcentaje del
umbral motor

Frecuencia de
estimulacion

= 0 < 1 Hz :efecto

inhibitorio

> 1 Hz :efecto

Formay
orientacion
de la bobina

de
estimulacion

En forma de

respecto a la (80-110%) excitatorio ocho o alas de
patologia en mariposa
estudio)
v

PROTOCOLOS




Frecuencias de estimulacion

EMTr lenta o de EMTr rapida o de
baja frecuencia alta frecuencia
igual o menor de mayor de
1 Hz 1Hz
L L
Cambios inhibitorios Incremento de
excitabilidad
—
0

Inhibicion a Potenciacion a
largo plazo

largo plazo



Frecuencias de estimulacion

o Potenciacion a larg oCFIazo. Intensificacion
duradera en la transmision de senales entre dos
neuronas que resulta de la estimulacion sincronica de
ambas. Es debido a un incremento en la concentracion
de calcio en la célula presinaptica y postsinaptica, en
esta ultima el incremento en la concentracién de Ca2+
conlleva una modificacion en el sistema de segundos
mensajeros lo cual genera receptores adicionales en la
membrana dendritica con el consecuente incremento
de sensibilidad al neurotransmisor que cruza la
hendidura sinaptica.

o Inhibicién a largo plazo. Se presenta en
respuesta a un incremento mas pequefio de calcio en
la célula postsinaptica lo cual se acompana de una
sensibilidad menor en los receptores de la membrana.



APLICACIONES DE LA EMTr
EN EL TRATAMIENTO DE LA
DEPRESION




Primeras evidencias del efecto
antidepresivo de la EMTr

o Hoflich G, Kaper S, Hufnagel A, Ruhrmann S,
Moller H]. Application of transcranial
magnetic stimulation in treatment of drug-
resistant major depression: A report of two
cases. Hum Psychopharmacol 1993; 8:361-5.

o George MS, Wassermann EM, Williams WA,
Callahan A, Ketter TA, Basser P, Hallett M, Post
RM. Daily repetitive transcranial magnetic
stimulation (rTMS) improves mood in
depression. Neuroreport 1995;6(14):1853-6.

o Pascual-Leone A, Rubio B, Pallardo F, Catala MD.
Rapid-rate transcranial magnetic
stimulation of dorsolateral prefrontal cortex
in drug-resistant depression. Lancet
1996;348(9022):233-7/.




Aprobacion de la FDA para la EMTr en
depresion

PrioriTY COMMUNICATION

Efficacy and Safety of Transcranial Magnetic
Stimulation in the Acute Treatment of Major

Depression: A Multisite Randomized Controlled Trial

John P. O'Reardon, H. Brent Solvason, Philip G. Janicak, Shirlene Sampson, Keith E. Isenberg,
Ziad Nahas, William M. McDonald, David Avery, Paul B. Fitzgerald, Colleen Loo, Mark A. Demitrack,
Mark 5. George, and Harold A. Sackeim

BIOL PSYCHIATHRY 2007-42-1208-1216
£ 2007 Society of Biclogical Psychiztry

The study was conducted at 23 study sites in the United States
(20 sites), Australia (2 sites), and Canada (1 site), with active
enrollment extending from January 2004 through Auguse 2005,
Institutional review boand approval was obtained at all sites. The
study was conducted under an Investigational Device Exemption
from the 1.5 Food and Drug Administration (FIDA). All subjects
signed an informed consent dooument before undergoing any
study procedures.

Conclusions: Transcranlal magnetic stimulation was effective In freating major depression with minimal side effects reported. It offers
cliniclans a novel alternative for the treatment of this disorder.




Aprobacion de la FDA para la EMTr en depresion

WASHINGTON — The
government has approved the
first noninvasive brain

stimulator to treat depression
_ a device that beams magnetic
pulses through the skull. If it
sounds like science-fiction, well,
those woodpecker-like pulses
trigger small electrical charges that
spark brain cells to fire. Yet it
doesn't cause the risks of surgically
implanted electrodes or the
treatment of last resort, shock
therapy.

Called transcranial magnetic
stimulation or TMS. The Food
and Drug Administration

approved therapy specifically for
patients who had no relief from
their first antidepressant, offering
them a different option than trying
pill after pill.

Magnetic pulse to ease depression

A non-invasive procedure to help fight depression called
transcranial magnetic stimulation, or TMS, uses a magnetic pulse
to stimulate brain cells that control mood.

Limbic system
structures
Thought to control
emotional and
behavioral patterns.

Short
pulses of
magnetic
enerqgy are
focused at meuron
the limbic The pulses trigger
system electrical charges,
structures. causing neurons to

become active.

SOURCE: Neuronelics

AP

EDITOR's NOTE _ Lauran Neergaard covers health and medical
issues for The Associated Press in Washington.




Dos hipotesis para el efecto de la EMTr
en |la depresion

o Hipoactividad frontal izqda:

EMTr de alta frecuencia sobre la corteza
prefrontal izquierda incrementa los niveles
de excitabilidad cortical.

o Desequilibrio funcional entre la
corteza frontal derecha e izquierda:

EMTr de baja frecuencia sobre |la corteza
prefrontal derecha disminuye los niveles
de excitabilidad cortical .



Lugar de aplicacion de la EMTr en
depresion

o CPFDL izquierdo i e
o CPFDL derecho 1 I~
o Bilateral
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Lugar de aplicacion de la EMTr en
depresion

Imagen RMN.
Ubicacion del CPFDL en la corteza.




Lugar de aplicacion de la EMTr en
depresion

Modulacion local o
directa de la
fisiologia cerebral

Modulacidon remota
o indirecta de la
fisiologia cerebral




Lugar de aplicacion de la EMTr en
depresion. Estudio con RMNf

Activacion de circuitos fronto-subcorticales
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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. Li X, Nahas Z, Kozel A, Anderson B, Bohning DE, George MS. Biol Psychiatry 2004; 55:882-890.



Lugar de aplicacion de la EMTr en
depresion. Estudio con RMNf

Incremento de la actividad en el talamo.
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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. Li X, Nahas Z, Kozel A, Anderson B, Bohning DE, George MS. Biol Psychiatry 2004; 55:882-890.



Lugar de aplicacion de la EMTr en
depresion. Estudio con SPECT

Decremento de la perfusion prefrontal izgda antes del
tratamiento EMTr (basal) y progresivo incremento de
rCBF en esta region durante y al finalizar el tratamiento
EMTr.

Basal After TMS

SPECT mapping of cerebral activity changes induced by repetitive transcranial magnetic stimulation in depressed patients. A pilot study. Catafau AM, Perez V,
Gironell A, Martin JC, Kulisevsky J, Estorch M, Carrié I, Alvarez E. Psychiatry Research Neuroimaging 2001; 106: 151-160.



Lugar de aplicacion de la EMTr en
depresion. Estudio con PET

Estimulacion del
CPFDL izgdo
produce un
incremento de la
rCBF en: corteza
4l prefrontal (I>D),
By gyrus cingulado
il (I>>D), insula
bilateral, ganglios
basales, uncus,
hipocampo,
parahipocampo,
talamo, cerebelo y
amigdala izqda.
Se observan los
efectos distales
iCoronal t -4mm Right Sagittal &t 4mm en estructuras
corticales y
subcorticales
I bilaterales despues
= de la estimulacién
sobre el CPFDL

Opposite effects of high and low frequency rTMS on regional brain activity in depressed patients. Speer AM, Kimbrell Tk, |qu0-
Wassermann EM,Repella IJD, Willis MW, Herscovitch P, Post RM. Biol Psychiatry 2000; 48:1133-1141.




Lugar de aplicacion de la EMTr en
depresion. Estudio con PET

Baseline Hypoperfusion Predicts Better Response to
High than to Low Frequency rTMS

10+ Hypoperfused Hyperperfused
1 n=11 n=8
4787 **p < 0.01 p=0.42
6] La eficacia de EMTr

de alta o baja
frecuencia puede
depender de los
niveles de perfusion
basales del cerebro

Improvement
F s

A\

Change in HDRS Score with 2 Weeks rTMS vs. Sham

£ analizados mediante
A 4 PET.
o
= | s
®1  28(15) -45(25 25(50) -26(22) -1.9(2.8)
n= 10 n=11 n=6 n=8 n=8
1 Hz 20 Hz Sham 1 Hz 20 Hz
Mismatch Match' Match’ Mismatch

t= As Predicted by Matching Frequency with Baseline Perfusion State

Opposite effects of high and low frequency rTMS on mood in depressed patients: relationship to baseline cerebral activity on PET. Speer AM, Benson BE,
Kimbrell TK, Wassermann EM, Willis MW, Herscovitch P, Post RM. Journal of Affective Disorders 2009; 115:386-394.



Correlates of the Degree of Deviation from Ideal Control rCBF with the Degree
of Clinical Response on Hamilton Depression Ratings

1 Hz rTMS (n = 18)

Uncorrected 2-tailed p values Positive Cluster analysis uses
: .001 .0005 .0001
shown in significant clusters:  Negative Zthresh = 1.96, cluster p <.05

Opposite effects of high and low frequency rTMS on mood in depressed patients: relationship to baseline cerebral activity on PET. Speer AM, Benson BE,
Kimbrell TK, Wassermann EM, Willis MW, Herscovitch P, Post RM. Journal of Affective Disorders 2009; 115:386-394.



Efectos neurobiologicos de la EMTr en
el tratamiento de la depresion.

Aumento de la produccion de serotonina.
Se modula la funcion del receptor de serotonina.

o Activacion de estructuras subcorticales (insula,
putamen, hipocampo, talamo, circuitos neuronales
fronto-subcorticales).

Modula la actividad de circuitos fronto-limbicos
(cingulado anterior, areas mesolimbicas).

Normalizacion de la secrecion de cortisol.
Aumento de concentracion de BDNF.
Aumento de concentracion de la TSH.

Efectos en los ejes hipotalamico-pituitario-
tiroideo y hipotalamico-pituitario-adrenal.

Induce la liberacion de glutamato.

Induce la liberacion de dopamina el las regiones
mesoestriales y mesolimbicas, asi como en el
estriado.

o O

O O O O O

o O



Depresion, EMTr y BDNF

o Neurotrofina.

o Relacionado con la supervivencia y diferenciacion en
areas especificas del SNC.

o Implicado en la regulacion de la conectividad neuronal
y la plasticidad sinaptica.

o Niveles BDNF disminuidos en pacientes con depresion.

BONF  ——p» o —  » Angiogenesis

Endathalial cell
o N
o -

Hematopoiesis




Table 2. ¥TMS Parameters in the Treatment of Depression®

Study Location Frequency, Hz Motor Threshold, % No. of Stimuli No. of Sessions
O’Reardon et al,? 2007 L DLPF 10 120 3,000 25
Herwig et al,? 2007 L DLPE 10 110 2,000 15
Mogg et al,” 2008 L DLPF 10 110 1,000 10
Anderson et al,”* 2007 L DLPF 10 110 1,000 12
Bortolomasi et al,** 2007 L DLPF 20 90 800 5
Koerselman et al,> 2004 L DLPF 20 80 800 10
Fitzgerald et al,” 2008 R DLPF 6and 1 110 1,500 10
Loo et al,” 2007 L DLPF 10 110 1,500 10
Stern et al,”® 2007 L DLPF 10 110 1,600 10
L DLPFE 1 110 1,600 10
R DLPF 1 110 1,600 10
Fitzgerald et al,” 2006 L and R DLPF 10and 1 100 and 110 750 and 420 10
Garcia-Toro et al,** 2006 LR DLPF 20and 1 110 1,800 and 1,200 10
L and R DLPE PET 20 and 1 110 1,800 and 1,200 10
Janual et al,*' 2006 R DLPF 1 90 120 16
Su et al,** 2005 L DLPF 20 100 1,600 10
L DLPF 5 100 1,600 10
Buchholtz Hansen et al,** 2004 L DLPF 10 90 2,000 15
Holtzheimer et al,** 2004 L DLPF 10 110 1,600 10
Kauffmann et al,** 2004 R DLPF 1 110 120 10
Mosimann et al,*® 2004 L DLPF 20 100 1,600 10
Fitzgerald et al,”” 2003 L DLPE 10 100 100 10
R DLPF 1 100 300 10
Herwig et al,’® 2003 L or R DLPE PET 15 110 3,000 10
Hoppner et al,” 2003 L DLPF 20 90 400 10
R DLPF 1 110 120 10
Loo et al,** 2003 LR DLPF 15 90 1,800 15
Boutros et al,* 2002 L DLPE 20 80 800 10
Garcia-Toro et al,** 2001 L DLPF 20 90 1,200 10
Manes et al,* 2001 L DLPE 20 80 800 5
Berman et al,* 2000 L DLPFE 20 80 800 10
George et al,** 2000 L DLPF 20 100 1,600 10
L DLPF 5 100 1,600 10
Avery et al,** 1999 L DLPF 10 80 1,000 10
Klein et al,"” 1999 R DLPF 1 110 120 10
Loo et al,*® 1999 L DLPF 10 110 1,500 10
Padberg et al,* 1999 L DLPF 0.3 20 250 5
L DLPFE 10 90 250 5
Rossini et al,*® 2005 L DLPF 15 100 900 10
Haussmann et al,”* 2004 L DLPF and halfR 20 100 2,000 10
Poulet et al,** 2004 L DLPF 10 80 400 10
Garcia-Toro et al,” 2001 L DLPF 20 90 1,200 10

‘Parameters are localization, frequency, motor threshold, stimuli per session, and number of sessions.
Abbreviations: DLPF = dorso-lateral prefrontal cortex, L=left, LR =bilateral, PET = positron emission tomography, R =right.




Figure 1. rTMS for Depression, Results of the Meta-Analysis

Study Hedges'g PValue Hedges' g and 95% Cl
Rossini et al,>0 2005 0.839 .000 Oo—>
Herwig et al,2 2007 0.265 135 O
Poulet et al, 52 2004 -0.157 722 O
Haussmann et al,5! 2004 0314 352 O
Garcia-Toro et al,53 20012 0.129 754 O
Mogg et al,22 2008 0.332 207 O
Garcia-Toro et al,39 2006 0.682 122 O
Garcia-Toro et al,30 2006 0.734 098 O
Fitzgerald et al, 37 2003 0.653 040 O
Fitzgerald et al,37 2003 0.615 .053 O
Avery et al,%6 1999 1.200 121
Hoppner et al, 3% 2003 -0.442 310 O
Hoppner et al,3% 2003 -0.734 107 O
Kauffmann et al,3> 2004 1.407 021
Klein et al,47 1999 0.660 008 O
Anderson et al,23 2007 0.733 069 O
Garcia-Toro et al, 42 2001 1.075 .002
Padberg et al,4° 1999 0.355 509 O
Padberg et al,4° 1999 0.279 602 O
Fitzgerald et al, 26 2008 0.518 049 O
Loo et al,27 2007 0.553 088 O
Loo et al,27 1999 -0.179 690 O
Stern et al,28 2007 2.475 .000 >
Stern et al,28 2007 -0.146 712 O
Stern et al,28 2007 2.681 .000 >
Su et al,32 2005 1.254 008
Su et al, 32 2005 1.306 .006
Holtzheimer et al,34 2004 0.791 120 O
George et al, 4> 2000 0.334 440 O
George et al,*> 2000 1.298 006
Janual et al, 31 2006 1.118 .006
Loo et al,%0 2003 0.191 664 O
Buchholtz Hansen,33 2004 -0.172 739 O
Herwig et al,38 2003 0.732 068 O
O'Reardon et al,8 2007 0.176 126 —O0—
Koerselman et al,25 2004 0.108 702 O
Boutros et al,41 2002 0.299 483 O
Manes et al,43 2001 0.336 436 O
Mosimann et al,36 2004 0.152 709 O
Fitzgerald et al,2® 2006 0.489 .083 C
Bortolomasi et al,24 2007 0.766 104 O
Berman et al,44 2000 1.216 .010
Weighted effect size, mean 0.545 .000 ’
T
-1.00 -0.50 0.00 0.50 .00
Sham rTMS

*Add-on therapy.
Abbreviation: rTMS =repetitive transcranial magnetic stimulation.




Meta-analisis para estudios de EMTr
de alta frecuencia

Psychological Medicine (2009), 39, 65-75. & 2008 Cambridge University Press ORIGINAL ABTICLE
dai:10.1017/S003 291708003462 Printed in the United Kingdom

Antidepressant efficacy of high-frequency transcranial
magnetic stimulation over the left dorsolateral
prefrontal cortex in double-blind sham-controlled
designs: a meta-analysis

D.]. L. G. Schutter*

Experimental Fewchology, Utrecht Unimersity, Utrecht, The Netherlands

Conclusions. These findings show that high-frequency rTMS over the left DLPRC is superior to sham in the treatment
of depression. The effect size is robust and comparable to at least a subset of commercially available antidepressant drug
agents. Current limitations and future prospects are discussed.



Mean age Total pulses Mo, of Medication

Study Scale TMS il +50, Parameters per session sessions resistant?
1. George et al. 1997 HAMD Active 7 42.4+155 20 Hz, B0%: MT, 20 trains, 2 s on, 58 & off B 10 Mo
21-item Sham 5 41+83
2. Haag et al. 1997 HAMD Active [ 51.2+1a.1 10 Hz, 90% MT, 5 trains, 5 s on, 55 s off 1250 5 Yes
21-iterm Sham 6
3. Avery el al, 1999 HAMD Active 4 H3+ 101 10 Hz, 80% MT, 20 trains, 55 on, 555 off 1000 10 Yes
21-item Sham 2 45471
4. Kimbrell o al. 1999 HAMD Active 3 40.2+151 20 Hz, 80% MT, 20 traing, 2 s on, 60 = off L 10 N.A.
21-item Sham 5 43.7+1491
5. Loo ef al. 1999 HAMD Active 9 457+ 147 10 Hz, 110 % MT, 30 trainsg, 5 s on, 30 s off 1500 10 Yes
17-item Sham 9 9+ 147
6. Padberg et al. 1999 HAMD Active & 140 Hz, 90% MT, 5 trains, 5 s on, 30 s off 250 5 Yes
21-item Sham [
7. Berman et al . 2068 HAMD Active 10 + 20 Hz, 80%: MT, 20 trains, 2 s on, 58 s off B 10 Yes
25-item Sham 10 394+ 108
8. Eschweiler of al. 2000 HAMD Active 5 R9+51 10 Hz, 90% MT, 5 trains, 55 on, 30 s off 250 10 N.A.
21-item Sham 5 5B+7
9. George ¢f al. 2000 HaAMD Active i 426+14 20 Hz, 1K) % MT, 40 traing, 2 s on, 28 s off 164K) i Yes
21-item Sham 10 48.5+8
10, Garcia-Toro et al. 2001 HAMD Active 17 51.5+159 20 Hz, 90% MT, 30 traing, 2 ¢ on, 2010 ¢ off 1200 10 Yes
21-item Sham 15 50.0+£11.0
11, Manes ot al. 2001 HAMD Active 10 60.7+9.8 20 Hz, 80% MT, 20 trains, 2 s on, 58 s off oL 5 MoA.
17-item Sham 10
12, Nahas o al. 2003 HAMD Active 11 422473 5 Hz, 110%% MT, 40 trains, 8 s on, 22 s off 1600 10 Mo
28-item Sham 12 43.3+93
13. Szuba ef al. 2001 HAMD Active 9 3I¥T7+121 10 Hz, 100 % MT, 20 trains, 5 s on, 25 5 off 100 10 N.AL
Beitem Sham 5 33.4+93
14, Boutros et al, 2002 HAMD Active 11 4954+ 8 20 Hz, 80%: MT, 20 trains, 2 s on, 58 & off B 10 Yes
25-jtem Sham 4 52+7
15. Padberg et al. 2002 HAMD Active 20 6l.2+44 10 Hz, 9% MT (re 1), 100 %% MT (1= 1), 1500 10 Yes
21-item Sham 10 52.7+57 15 trains, 10 s on, 30 s off
16. Fitzgerald ef al. 2003 MADRS Active 20 422498 10 Hz, 100 % MT, 20 traing, 5 s on, 25 s off 1000 10 Yes
Sham 20 492+142
17. Hippner et al. 2003 HAMD Active 11 64+6 20 Hz, 90% MT, 20 trains, 2 s on, 80 s off B 10 MNao
21-ikem Sham 9 564+132
18, Holtzheimer et al. 2004 HAMD Active 7 44 +85 10 Hz, 110 % MT, 32 traing, 5 s on, 30-60 s off 1600 10 Yes
17-item Sham B 454 +49
19, Jorge ef al. 2004 HAMD Active 10 63.1+81 10 Hz, 110 % MT, 20 traing, 5 < on, 60 ¢ off 1060 10 Yes
17-item Sham 10 66.5+122
20. Koerselman et al. 2004 HAMD Active 27 51+154 20 He, 80%: MT, 20 trains, 2 s on, 28 s off B 10 MNao
17-item Sham 24 52+13.2
21, Masimann ef al. 2004 HAMD Active 15 60+13.4 20 He, 100 % MT, 40 trains, 2 s on, 28 s off 1600 10 Yes
21-item Sham 9 MM4+13
22, Poulet of al. 2004 MADRS Active 10 18-65 10 Hz, 80% MT, 20 trains, 2 < on, 58 ¢ off HK) 10 Nao
Sham 9
23, Miniussi ef al. 2005 HAMD Active 17 M4127 17 Hz, 110 % MT, 40 trains, 3 s on, 120 2 off 2040 5 Yes
21-item Sham 12 53+124
24, Rossini et al. 2005 HAMD Active 49 454137 15 Hz, 100 % MT, 30 trains, 2 5 on, 28 5 off 900 10 No
21-item Sham 47 464+121
25, Rumi ef al. 2005 HAMD Active 24 33+128 5 Hz, 120% MT, 25 traing, 10 & on, 20 £ off 10080 20 No
17-iterm Sham 22
26. Avery o al. 2006 HAMD Active 35 17 Hz, 110 % MT, 40 trains, 3 s on, 120 s off 2040 15 Yes
17-iterm Sham 33
27. Herwig ef al. 2007 HAMD Active 52 10 Hz, 110 % MT, 10 trains, 2 s on, 85 off 20000 15 No
21-item Sham 53
28. Loo ef al. 2007 HAMD Active 15 10 Hz, 110% MT, 30 trains, 52 on, 25 off 1500 20 No
17-iterm Sham 19
29. Mogg et al. 2008 HAMD Active 29 10 Hz, 110 % MT, 20 trains, 5 s on, 555 off 1000 10 Yes
17-item Sham 30
30. O'Reardon et al. 207 HAMD Active 143 47941140 10 Hz, 120% MT, 75 trains, 45 on, 26 s off 3000 20 Yes
21-item Sham 134 487+ 106

HAMD, Hamilton Depression Rating Scale; MADRS, Montgomery-Asberg Depression Rating Scale; TMS, transcranial magnetic stimulation; s.d., standard deviation; MT, motor threshold; n.a., not available.
Medication resistance is defined as the failure to respond to >2 trials of antidepressants or history of failed responses to electroconvulsive therapy.



Meta-analisis para estudios de EMTr
de alta frecuencia

MNumber of participants
Mo, of Combined
Comparison studies  Real Sham Total effect size  95%9 1 £ r O Pix*)  Ng
Real versus sham 30 66 Lt 1164 0.39 025-054 652 <00001 3046 039 269

CI, Confidence interval; QT, total heterogeneity

Conclusions. These findings show that high-frequency rTMS over the left DLPRC is superior to sham in the treatment
of depression. The effect size is robust and comparable to at least a subset of commercially available antidepressant drug
agents. Current limitations and future prospects are discussed.



Meta-analisis para estudios de EMTr
de baja frecuencia

Paychalogical Medicine, Page T ot 7. & Cambridge University Press 2010 OBRIGINAL ABTICLE
Ao 20107/ SO0E 2 7100000 5X

Quantitative review of the efficacy of

slow-frequency magnetic brain stimulation
in major depressive disorder

D.]. L. G. Schutter*

Experimental Feychology, Utrecht University, The Netherlands

Conclusions. The findings suggest that slow-frequency rTMS to the frontal cortex is more effective than sham
treatment and may be equally effective as fast-frequency rTMS in the treatment of MDD,



Total

pulses,
Mean age, Stimulation per Sessions, Medication

Study Scale rTMS n vears (5.0.) Parameters site Coil type session n resistant 72 Hedges' d

1. Kolbinger HAMD Active 10 0.25-0.5 Hz, 90% MT, Verbex Circular 250 5 M.A. 075
et al. (1995 2-item Sham 5 } 49 10 trains of 25 pulses

2. Klein et al. HAMD Active 36 61 (15) 1 Hz, 110% MT, 2 trains, Right PFC Circular 120 10 No 0.61
(1954 17-ibem Sham 34 K9 (18) 1 min on, 3 min off

3. Padberg HAMD Active 3] 47 (15) 0.3 Hz, 90% MT, 10 trains Left PFC 8-Shaped 250 5 Mo 113
et al. (19949) 2-item Sham [ 43(12) of 25 pulses

4. Fitzgerald MADRS Active 20 4612y 1 Hz, 100% MT, 5 trains, Right PFC 8-Shaped 300 10 Yes 038
et al. (2003) Sham 20 49(14) 1 min on, 1 min off

5. Hippner HAMD Active 10 5212y 1 Hz, 110% MT, 2 trains, Right PFC 8-Shaped 120 10 MLA. —0.43
et al. (2003) M-ikemn Sham 10 56(13) 1 min on, 3 min off

6. Kauffmann HAMD Active [ - 1 Hz, 110% MT, 2 trains, Right PFC Circular 120 10 Yes 0.07
et al, (2004) 21-ibem Sham I } 52(17) 1 min on, 3 min off

7. Miniussi HAMD Active 1 53 1 Hzx, 110% MT, 200 trains, Left PFC 8-Shaped 2000 5 Yes on
et al. (2005) 21-ikemn Sham 11 59 10s on, 30 s off

8. Januel et al. HAMD Active 11 38(11) 1 Hz, 90% MT, 2 trains, Right PFC 8-Shaped 120 16 Mo 1.27
(2006) 17-ibem Sham 16 37 (12) 1 min on, 3 min off

9, Stern et al. HAMD Active 10 53 (10 1 Hz, 110% MT, 1 train Left/right PFC 8-Shaped 1600 10 Yes 119
(2007) M-itermn Sham 15 53(9)

rTMS, Repetitive transcranial magnetic stimulation; s.d., standard deviation; HAMD, Hamilton Depression Rating Scale; MT, motor threshold; N.A., not available;
PFC, prefrontal cortex; MADRS, Montgomery—ﬂsberg Depression Rating Scale.

a Medication resistance is defined as the failure to respond to two or more trials of antidepressants or history of failed responses to electroconvulsive therapy.

b Stimulation of the vertex with a circular coil will affect both the left and right prefrontal cortex.

Mumber of pa rtici pants

Mumber Combined
Comparison of studies Eeal Sham Total effect size 9h%% Cl Dl ¥ M
Eeal versus sham 9 134 118 252 0.63 0.03-1.24 963 0348 1193

CI, Confidence interval; Qtotal, total heterogeneity; NR, fail-safe number of studies.



APLICACIONES DE LA EMTr
EN EL TRATAMIENTO DE
OTRAS PATOLOGIAS




Esquizofrenia

Table 7. ¥TMS Parameters in the Treatment of Negative Symptoms of Schizophrenia

Study Location Frequency, Hz Motor Threshold, % No. of Stimuli No. of Sessions
Fitzgerald® 2008 L and R DLPF 10 110 1,000 15
Mogg et al,”” 2007 L DLPF 10 110 2,000 10
Prikyl et al,”® 2007 L DLPF 10 110 1,500 15
Novak et al,”' 2006 L DLPF 20 90 2,000 10
Hajak et al,”* 2004 L. DLPF 10 110 1,000 10
Holi et al,” 2004 L DLPF 10 100 1,000 10
Klein et al,”* 1999 R DLPF 1 110 120 10

Figure 4. Meta-Analysis of ¥TMS for Negative Symptoms of Schizophrenia

Study Hedges'g PValue Hedges'g and 95% Cl
Fitzgerald68 2008 0973 033 ——0
Klein et al,74 1999 0.049 889 (D

Holi et al,3 2004 -0.485 245 O

Novak et al,7! 2006 0.130 783 O

Prikyl et al,70 2007 0.795 063 S
Mogg et al,69 2007 0.000 1.000 O

Hajak et al,72 2004 1454 003

Weighted effect size, mean 0.391 115 ‘,‘

-1.00 -0.50 0.00 0.50 1.00
Sham rTMS

Abbreviation: rTMS = repetitive transcranial magnetic stimulation.




Trastorno obsesivo compulsivo

Table 8. Parameters of ¥TMS for Obsessive-Compulsive Disorder

Study Location Frequency, Hz Motor Threshold, % No. of Stimuli No. of Sessions
Sachdev et al,”” 2007 L DLPF 10 110 1,500 10
Prasko et al,”® 2006 L DLPF 1 110 1,800 10
Alonso et al,”” 2001 R DLPF 1 110 1,200 18

Abbreviations: DLPF = dorso-lateral prefrontal cortex, L=left, R =right, rTMS = repetitive transcranial magnetic stimulation.

Figure 5. YTMS for Obsessive-Compulsive Disorder, Results of the Meta-Analysis

Study Hedges'g PValue Hedges'g and 95% Cl

Alonso et al,77 2001 0337 459 O
N

Prasko et al,”® 2006 0.072 842

Sachdev etal,”> 2007 0.103 821 W;/\
Weighted effect size, mean 0.155 520 %

| I
-1.00 -0.50 0.00 050 1.00

Sham rTMS

Abbreviation: rTMS = repetitive transcranial magnetic stimulation.




APLICACIONES DE LA EMTr
EN EL TRATAMIENTO DEL
AUTISMO




Trastornos del espectro autista

o Alteracion cualitativa de la
comunicacion y el lenguaje.

o Alteracion cualitativa de la
interaccion social reciproca.

o Presencia de intereses y actividades
restrictivos, repetitivos y
estereotipados.



Neuroanatomia
del autismo

Amaral DG, Schumann CM, Nordahl CW.
Neuroanatomy of autism. Trends Neurosci
2008;31(3):137-45

Cerabelium

OFC - Orbitofrontal cortes
ACC — Anterior cingulate cortex
FG — Fusiform gyrus

8TS - Superior temporal sulcus
A — Amygdala miror neuron regions
IFG — Inferior frontal gyrus
PPC - Posterior parietal cortex

IFG- Inferior frontal gyrus
{Broca's area)

STS - Superior temporal sulcus
SMA — Supplementary motor area
BG - Baszal ganglia

SM — Substantia nigra

Th = Thalamus

PN — Pontine nuclei cerebellum

OFC = Orbitofrontal corfex
ACC — Antarior cingulate corlex
BG — Basal ganglia

Th = Thalamus

TAHENDS in Mawrosoiances




Minicolumnas en el autismo
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Nucleos de las
minicolumnas

Tincién de Nissl y Grey Level Index (GLI) 4
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Existen alteraciones de las minicolumnas en los I6bulos
frontal y temporal en el autismo.

Casanova M, Trippe J Phil. Trans. R. Soc. B 2009;364:1433-1436



Minicolumnas en el autismo
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Las minicolumnas de los
pacientes autistas son
MAas numerosas, mas
pequenas y menos
compactas en su
configuracién celular, con
un espacio de neuropilo
reducido.

Casanova MF, Buxhoeveden DP, Switala AE, Roy E. Minicolumnar pathology in autism. Neurology 2002;58(3):428-32
Casanova MF, van Kooten IA, Switala AE, van Engeland H, Heinsen H, Steinbusch H, et al. Minicolumnar abnormalities in autism. Acta Neuropathol

2006;112(3):287-303.



Patron de asimetria en las areas del lenguaje en autismo

Autistic Boys Normal Boys

Broca: mayor volumen

Broca: mayor volumen
dcha y

izqda

. Volumen HI >
volumen HD

. Volumen HI <
volumen HD

Wernicke: mayor volumen izqda Wernicke: mayor volumen dcha

o Asimetria inversa en las areas del lenguaje: Broca (pars opercularis) y
Wernicke (circunvolucion temporal superior).

o Simetria del plano temporal significativamente diferente entre autismo y
controles.

Herbert MR, Harris GJ, Adrien KT, Ziegler DA, Makris N, Kennedy DN, et al. Abnormal asymmetry in language association cortex in autism. Ann Neurol
2002;52(5):588-96



Tarea de comprension de frases

A Autism group B Control group

Mas activacion en area Wernicke.

Menos activacion en area Broca.

Just MA, Cherkassky VL, Keller TA, Minshew NJ. Cortical activation and synchronization during sentence comprehension in high-functioning autism:
evidence of underconnectivity. Brain 2004;127:1811-21.



Tarea de comprension semantica

Control Subjects Autism Spectrum Disorders

Menor activacion en area Broca.

Mayor activacion en area

Broca. Mayor activacion en area
Wernicke.

Harris GJ, Chabris CF, Clark J, Urban T, Aharon I, Steele S, et al. Brain activation during semantic processing in autism spectrum disorders via
functional magnetic resonance imaging. Brain Cogn 2006;61(1):54-68.



EMTr en autismo

Areas perisilvianas

Area de Wernicke
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POR SU ATENCION




