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Recommandations frangaises (Lefaucheur, 2011)

- rTMS vs. Sham rTMS (placebo)

» 35 études, >2000
sujets (dont 500 en 2

études)
- rTMS vs. Médicaments

» 2 études, 102 sujets

MISE AU POINT / REVIEW
Recommandaﬂons fran;alses sur ["utilisation de la

(rTMS) : régles de sécurité et Indlcations i
thérapeutiques™
French guidelines on the use of repef

tive t -anial magnetic
stimulation (FTMS): Safety and thera pwtl ¢ ndications

ba newhit,
. Cretin®, A M I.erol A Rldl M ko

G. M F Lllr", L. Vercntﬂ"" 'D. Bouhassira”,

5SAYKM WHF Ml ' H.-G. Zouari™®, V. Mylius*, M. Nicolier’,

L. Garcla-Larrea®

- Grade A de preuve

- Analgésie HF rTMS M1 controlatéral a
douleur

- Halucination auditive LF rTMS T 3P3
— Dépression HF rTMS
CPFDL gauche

- Grade B de preuve

— Dépression LF rTMS
CPFDL droit

— Potentialisation
antidépresseur
médicamenteux rTMS
CPFDL gauche

- Symptdbmes négatifs schizophrénie HF
rTMS CPFDL gauche

N
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Significativité statistique mais clinique...? (Downar 2013)

—dIPFC rTMS:
rémission 17%
réponse 25%

(O’'Reardon 2007,

Lam 2008)

—VS ECT rémission
65-75 % (Sackeim
2008)

— DBS rémission >40
% (Kennedy 2011)

— Post 2008

— dIPFC rTMS: rémission
30-35%, réponse 40-
55%

- (Downar 2013)

-~ Sham 5 et 10 % (Lam
2008)

- VS STAR D : rémission
23-33% (Thase 2007)

- Switch CBASP
rémission 22%
réponse 33%
(Schatzberg 2005)

N
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One fit sizes all? Ou le probléme de I'hétérogénéité de la

dépression

- Formes cliniques:

- Unipolaire/bipolaire
(Leonhard 1957)

- Mélancolique/atypique
(Davidson 2007)

- (non)suppression test
DXM (Rush 1996)

- Agitée ou caractéristique
de mixité (Benazzi 2006)

—Modéle d’interaction
entre régions
impliquées dans la
régulation des
emotions
(neuroimagerie)

— Différents subtypes
ou biotypes,
différentes anomalies
d’interaction,
différentes cibles

N

144

Cibles potentielles du PFC (dIPFC = 10%) (Downar 2013)

;;;;

New Targets for rTMS in Depression: A Review of Convergent Evidence

Jonathan Downar*~, Z Jeff Daskalakis <"

it of Sy iy o oo

Back to the past:

1990s/2000s: dépression
et hyperactivité du
sgCCA (BA 25) > DBS

1980s/1990s:
Dépression et
hypoactivité dIPFC
gauche (BA9, 43) >
rTMS dIPFC gauche HF

Affective Network
emotion regulation
‘somatic markers

Cognitive Control Network Default Mode Network
attention, g-loaded tasks rumination
i i IFroflechi

N
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Etudes de Iésions (Koenigs 2008, 2009)

R DLPFC L DLPFC Non-PFC No
lesions lesions lesions lesions
BDI 94 114 84 80 89 75 122 9.0
Lifetime 17% 10% 26% 33%
MDD Dx
DMPFC VMPFC Non-PFC No
lesions lesions lesions lesions
Low BDI
(0-8) 20% 100% 65% 44%
Int BDI
(9-19) 0% 0% 25% 32%
High BDI
(20-63) 80% 0% 10% 24%
Fi d mood. (A) In veterans with focal brain injury, neither left nor
i disorder, wh d

DI or or 3 o fi ions
or ptomatology e
op) 3 3 : . DMPFC, dor: 3
prefrontal cortex. Bl ry. Adapted from refs. [60,63

Convergence d’études de stimulation, volumétriques, de N
connectivité et de lésions - dmPFC (Downar 2013)

- Etudes VBM: dmPFC et
ACC (Bora 2012)

- Etude PET: moindre
métabolisme chez non
répondeurs dIPFC

= rTMS (Li 2010)

. - Inadvertant DBS-

E°E}'§é§22§ induced inhibition
(Stefurak 2003)

- « dorsal nexus »

increased FC rsNW

self-reflection, affect
regulation, cognitive

control (Sheline 2010)
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Convergence d’études de lésion, corrélation et

stimulation> FPC (BA 10) (Downar 2013)

A : lésion sévere par arme a feu (conduite suicidaire):
rémission durable ( Koenigs 2008)

B: correlation réduction activité frontopolaire et amélioration
symptomatique ECT (Henry 2001)

C: Nacc DBS inhibe cortex frontopolaire(Bewernick 2010)

Obstacle aux cibles non dl PFC (Downar 2013) N

—(Lu 2017) Profondeur/ scalp:
vmPFC 7 cm

dm PFC 3-5 cm
FPC 2cm

Douleur:

Lidocaine injection ou
patch

Titration de l'intensité

Protocoles plus courts
(theta burst )




Anhédonie et circuit de la recompense (Downar 2014)

BIOL PSYCHIATRY 201476:176-185 181

ARCHIVAL REPORT

Anhedonia and Reward-Circuit Connectivity
Distinguish Nonresponders from Responders to |
Dorsomedial Prefrontal Repetitive Transcranial
Magnetic Stimulation in Major Depression

Jonathan Downar, Joseph Geraci, Tim V. Salomons, Katharine Dunlop, Sarah Wheeler,
Mary Pat McAndrews, Nathan Bakker, Daniel M. Blumberger, Zafiris J. Daskalakis,
Sidney H. Kennedy, Alastair J. Flint, and Peter Giacobbe

Nonresponders

Responders

25 0 25 50 75 100
% HamD17 Improvement

Figure 4. Neuroimaging correlates of response to I cortex (DMPFC)-repetitive transcranial magnetic stimulation. A comparison of
betweenness centrality values in versus revealed a single region whose betweenness centrality was significantly
higher in nonresponders (A). This region lay in left ventromedial prefrontal cortex (VMPFC), at a location similar to that observed in previous meta-
analyses of reward- versus loss-related activation in healthy control subjects (B) [reprinted from Diekhof et al. (53) with permission from Elsevier, copyright
2012]. Compared with ders showed signi lower functional connectivity between the VMPFC seed and the ventral tegmental
area and striatum, as well as between the VMPFC seed and a left-lateralized network of cortical regions including left DMPFC, dorsolateral prefrontal cortex
(DLPFC), and anterior insula (C,D). Conversely, nonresponders showed significantly higher functional connectivity from the VMPFC seed to a right-
lateralized network of cortical regions including right DMPFC, DLPFC, and posterior cingulate cortex.

144
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Si on n"augmente pas la réponse, peut-on la prédire ? N

(Salomons 2014)

- A partir de l'activité d’'une - rsFC ventral€->dorsal
seule région (sgACC et ACC

dmPFC): - ADP (Kozel 2011)

—~ CBT (Siegle 2006, - Doit-on alors cibler ce
thChey 2011 ) réseau?

~ ADP (Mayberg 1997, > Cela améliore-til la
P|Zzaga|y 2001 y Kennedy réponse?
2001, Davidson 2003) - Cela en change-t'il la

- DIPFC rTMS (Li 2010) connectivité?

Resting-State Cortico-Thalamic-Striatal Connectivity
Predicts Response to Dorsomedial Prefrontal rTMS in
Major Depressive Disorder

7, Katharine Dunlop 7, Sidney H Ke: m.eay‘ Alastair Flint™
, Peter Giacobbe'** and jonzlhan Downar*""

12
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Baseline predictors (Salomons 2014)

et Gy 7 ki 4 s > High FC cortical nodes
' 8 (executive control &
2 ,; , .
ﬁs <« emotion regulation)
) > sgACC — dl or dmPFC
% %é > Low FC cortico-

thalamic & striatal

(dmPFC- mdthalamus,
e —— putamen), cortico-limbic
(sgACC-amgdala &
b ° hippocampus)

éi%

16 janvier 2020 / Titre de votre présentation H

N

nectivity from dmPFC in Relation to HAM-D Improvement
'Increase dmPFC-

4 5?5

,. thalamus

' '‘Decreases sgACC-
caudate & posterior

midcingulate cortex,
dmPFC- insula

Change Connectivity from sgACC in Relation to HAM-D Improvement

PRPY
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potentiel mécanisme d’action de la rTMS (dmPFC)? N

- « increased influence of cognitive control networks over thalamic and
striatal regions (core emotional functions), possibly linked with improved
facilitation of goal-directed behavior (by integrating cognitive information
with associated rewards and punishments (Shakman 2011))

- (Corbetta & Shulman 2002, Price & Drevets 2010, Sheline 2010)

- Général ou spécifique?
- Network-based model of major depression (Seminowicz 2004) suggére

des voies neuronales différentes pour des approches différentes (Top-
down vs bottom-up)

- ADP response with FC similar cingulate regions (Kozel 2011) mais en
direction inverse!l!

w i

Contents lists available at ScienceDirect = [RAN

Brain Stimulation

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

Functional connectivity of the anterior cingulate cortex predicts m)
treatment outcome for rTMS in treatment-resistant depression at =
3-month follow-up

Ruiyang Ge *, Jonathan Downar ", Daniel M. Blumberger ™9, Zafiris J. Daskalakis > ¢,
Fidel Vila-Rodriguez *~

rACC -
lateral parietal cortex

rACC
ROl seeds
-n

sgACC

X=2;
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4 sous types de dépression N

Resting-state connectivity biomarkers define neurophysiological
subtypes of depression

Andrew T Drysdale’23, Logan Grosenick®5, Jonathan Downar®, Katharine Dunlop?,
Farrokh Mansouri®, Yue Meng’, Robert N Fetcho', Benjamin Zebley’, Desmond J Oathes?,

Amit Etkin® 10, Alan F Schatzberg®, Keith Sudheimer®, Je

r Keller?, Helen S Mayberg'",

Faith M Gunning?'2, George S Alexopoulos?'2, Michael D Fox'3, Alvaro Pascual-Leone'3,
Henning U Voss ™4, BJ Casey'®, Marc J Dubin'2, and Conor Liston'-23

a b
Biotype 1
100 Biotype 2 75
= Biotype 3 =
& 80 Biotype 4 2 50
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; 60 g8 =
g gx o
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Bon vs mauvais répondeur
DMPFC-rTMS

- Perte envahissante de
contrble cognitif

- Impulsivité, dysrégulation,
cluster B

- Eléments de bipolarité,
TDAMH, traits borderline

- Atcdt hyperphagie/purge
— Atcdt abus/dépendance
- Eléments de TSPT, TOC

- Pensées intrusives,
reviviscences

- Manque de controle:
émotion, cognition, action

- N’est pas chroniquement
dysrégulé/impulsif

— Cluster C/ traits TGP
obsessionnel compulsif

- Dysthymie chronique,
anhédonie

— Tristesse « compulsive »,
pessimisme

— Restrictif, ou pure anorxie
mentale

— Contrdle cognitif intact

— Absence de perte de
contréle envahissante

18
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Psychiatric common core regions

Trendsin Cognitive Sciences

The Neural Crossroads

of Psychiatric liness:

An Emerging Target for Brain
Stimulation

Jonathan Downar,' %34+ Daniel M. Blumberger,'** and
Zafiis J. Daskalakis'>*

Recent meta-analyses of structural and functional neurcimaging studies are
converging on

CelPress |

*) Aveas of gray mater loss in (€)' Common areas ofoss across VEM meta-analyses
VM meta-analyses of psychitic ilness

all Across al
v dsorders non-psychotic disorders

(i) Aveas of co-activation on functional neuroimaging
Aveas of gray matter loss in
VBM meta-analyses of anxiety disorders.

stric disorders, centered on the dorsal anteror cingulate cortex (JACC) and

Thersor, Genpton of hese nchpin svasmaybe hprortonsey de-

é!-u ‘v’»ip, el mﬁ X‘!"

abing.

ton treatments. Here, we review the potential of the psychiatic core areas as

;{ % Meta-analysis of Restng-siate
! task-based actiation funciional connectiity

Trendsin Cognitive Sciences
Figure 2. A Common Core of Regions with Structural Abnormaities in Psychiatric liness. (A) Brain regions

finesses, including schizophrenia (SC2), bipolar disorder (BD), obsessive-compuisive disorder (OCD), panic disorder PD),
post-traumatic stress disorder (PTSD), attention deficit hyperactivity disorder (ADHD), autism spectrum disorders, and
anorexia
disorder (GAD), social anxiety disorder (SAD), PD with and without agoraphobia, and specific phobias], shown in biue,

pa
matter across muil catogors o peychatic and nonpsychotc pyciaic dorders. Comring bath groups tree
the left and right anterior the dorsal i) These thvee

tasks; on resting-state activty, alarger that aiso inciud of connected
regions in the striatum, thalamus, subthalamic nucleus, and brainstem. Adapted from [24] (), [20] (8), and [25] C).

19

()

(i) Common substrates
of psychiatric illness  *

(ii) Resting-state aCIN

(i) Meta-analysis:
‘salience
network’

(iv) Meta-analysis:
‘cognitive
control'

) Meta-analysis:
‘response
iinhibition

(D)
(0]

Brain regions Whole-brain graph of

connections between nodes

as graph nodes

20
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Salience network in whole brain network parcellation (Yeo A |

2011, Power 2011)

Seven-network parcellation 17-Network parcellation
Default mode Frontoparietal Ventral attention

SO0 E

Anterior cingulo-insular (aCIN)

O @ Om

21
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A pathway from drives to action (Downar 2016)

22
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Excitatory stimulation of salience
network; enhance cognitive
control/response inhibition

Inhibitory stimulation of reward network;
reset pathological incentive Salience

24
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Taking together these lines of evidence, recent reviews have
suggested that the therapeutic effects of rTMS may be best
understood not as “antidepressant” per se, but more generally
as enhancement of cognitive control via improved SN integrity
(Downar et al.,, 2016; Dunlop et al., 2016). This would account
for its transdiagnostic efficacy across a range of psychiatric
disorders involving cognitive control deficiency (McTeague et al.,
2016).

25

Cortico-Striatal-Thalamic Loop
Circuits of the Orbitofrontal Cortex:
Promising Therapeutic Targets in
Psychiatric lliness

Peter Fettes’, Laura Schulze’ and Jonathan Downar"234*

“Institute of Medical Science, University of Toronto, Toronto, ON, Canada, *Krembil Ressarch Institte, University Health

Medial OFC Loop Structure

W vorc

B W caudate
B race

M cri

| EY

DM, VA& WL
Thalamus

B Lorc

B W Cavdate
| K

| EY

DM & VA
Thalamus

FIGURE 1 Structuro of ico-stri i jons. (&) Schenn
(OFO) cortico-stiata o0p, originating fiom the mOFC shown in red. (B) lateral OFC (OF s
10FC shown in bue. mOFC, medial M Caudate, NAce,

nigra: DM Thalamus, VA Thalamus, ventroan WL Thalamus, vertrolaterl thalamic nucie.
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Différents réseaux cortico striato thalamo corticaux

pre-SMA
dIPFC
dmPFC

IFG
vIPFC

OFC

\ Cerebellum

® “Sensorimotor’ CSTC circuit
* Stimulus-response-based
habitual behavior
® ‘Dorsal cognitive’ CSTC circuit
* Working memory, planning and
emotion regulation
@ Frontoparietal network
« Coordination of cognitive control
® ‘Ventral cognitive’ CSTC circuit
« Response inhibition
“Ventral motivational CSTC circuit
« Stimulus-outcome-based
motivational behaviour

® ‘Frontolimbic’ circuit
* Fear extinction

27
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b1

BOLD Signal following Medial PFC stimulation (FP1)

i 16 janvier 2020 / Titre de votre présentation “

Non Reward target (rOF « inhibition »)

16 janvier 2020 / Titre de votre présentation H
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Neural Correlates of Three Promising Endophenotypes of
Depression: Evidence from the EMBARC Study

Christan A Wbt Dillo', Pia Pechtel, Franziska K Goer', Laura Murrsy', Quentin JM Huys™,
Maurizio Fava’, »..m o) HGrae . Hyrna Wessan’,Ramin Parsey, Beo T Kara’, i, Py A
. owpi M Trogbel, Broce GrpmnermneCryuct H Covper's Panca Dbt
‘Madhar Trived’,

‘Gerard Bruder” and Diegs A Pizzagali

oc ¥ 201,31, 270mm)_r=39
>

INTRODUCTION collcagues proposed
following crters (1) be

henotypes must meet the
e it the disese: (2 be

s o ssemo0

5 5 ssom 0

Figure 3 Whole-brain analysis displaying voxel-by-voxel comrelations between () gamma (36.5-44 Hz) current density and neuroticism (displaying axial/
sagittal/coronal views of the bilateral OFClsubgenual ACC cluster (36 voxels) that was significantly positively correlated with neuroticism}; (&) gamma current
density and reward leaming (displaying axal/sagittal/coronal views of the left dIPFC/OFC duster (51 voxels) that was significantly positively correlated with
reward leaming); () gamma current density and Flanker interference effect on accuracy (displaying axial/sagittalicoronal views of the Isft dIPFC dluster
(4 voxels) that was significantly negatively correlated with the compatibility effect on accuracy).

31

3 EEG LORETA endophenotypes

Neural correlates of endophenotypes of depression
CA Webb et al

Cluster B 0 Cluster A
(‘Impaired Cognitive Control/ ° 0 Cluster B
High
15 Cluster A tAva) O Cluster C
(*High Neuroticism®) Cluster C

('Blunted Reward Learning)

Endophenotype Severity
(Standardized Scores)
Neuroticism

0
0 Neuroticism @ Flanker Interference o Blunted Reward Leaming o HRSD Depression Flanker mreﬂerehoe ! “\““\ec m\vﬁ

Figure 4 (a) Standardized means (with standard error bars) are displayed for neuroticism (NEO), Flanker interference effect on accuracy, blunted rewand
leaming (PRT), and total depression (HRSD) scores for each of three groups denived from the two-step cluster analysis. (b) Three-dimensional scatterplot
displaying association between the three endophenotype vanables by cluster group. For consistency across measures, the PRT rewand leaming variable was
reverse scored such that higher scores on each of the displayed measures represent greater severity/impairment.
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Three Neural p ypes of Dep

1. Cognitive control deficits — Salience Network
2. Anhedonia/Reward problems — Reward Network

3. icism/anxiety — N d

1. The Salience Network

The most important network is the Salience Network (our current target in YIMS), which enables cognitive control.

The cortico-striatal-thalamic loop of the Salience Network is:
The DLPFC/DMPFC =)  Striatum (Caudate/Putamen) 9 Thalamus <  back up to the DLPFC/DMPFC again.

2. The Reward thwnrld

The Reward Network enables motivation and pleasure.

The cortico-striatal-thalamic loop of the Reward Network is:
The ventromedial prefrontal cortex (VMPFC)/Frontal Polar cortex < Ventral striatum (nucleus accumbens) &
Thalamus <  back up to the VMPFC again.

3. The Non-Reward Network

The Non-reward network is involved in the generation and regulation of negative affect

The cortico-striatal-thalamic loop for the Non-reward network is:

The right OFC/Temporal pole ® Amygdala = Thalamus =» OFC/Temporal pole.

33

Bon répondeur rOF-rTMS

- Activité « anti-récompense » compulsive, envahissante
- Forte anxiété chronique, pessimisme

- Peu d’éléments d’'impulsivité

- Négativisme obsédant, préoccupation

- Peut comporter des idées suicidaires obsédante

- Amélioration marquée de I'anxiété

- Amélioration marquée des IS obséadante

- Obtention de rémissons complétes parmi les non répondeurs a la rTMS
conventionnelle

34
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deficiency of cognitive
IPuisive / dysregulated / Cluste:

itrusive thoughts / recollections

Features of PTSD / OCD / Bipolar
atures / diagnosis of ADHD
History of binge eating / purging

Preserved mood reactiv

35

. behavioral behavioral
anatomy evolution networks domains endophenotypes

e Ccognitive control, working memory
Cognitive declrative memory language
system perception, attention

neocol o
Neomammalia perception, understanding
social communication, affiliation

respo:ldsllvemst%vz«am i
reward learning, habits, approact
amygadid motivation

olfactory tuberdle:

loss, threat
fear, anxiety, sustained
frustrative non-reward

hypothalamus R“
basal %anglia ‘a arousal
midbrain P circadian thythms
M sleep, wakefulness

brainstem

MacLean, 1970  Panksepp, 1998  RDo(, 2010

Fig. 2. How The Triune brain and The Affective Neuroscience Scale corresponds to the RDoC system. According to the RDoC system, behavioural endophenotypes attribute 5
main behavioural domains. They are not only distinct but describe personality as an interacting and dynamic individual trait. The domains are objectively different, determined by
particular neuronal networks. Separation of the networks is due to a distinction in the functions they serve (The Affective Neuroscience Scale, Panksepp, 1998). This distinction
corresponds well with the concept of a gradual evolution of the brain (the triune brain model of MacLean, 1970).
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Figure 4. Functional connectivity decrease is only seen after real HF-rTMS (n=23). (a) Decreased functional
connectivity in bilateral sgACC (al 0 23) and vStr (a4) during R2 when compared to R1. (b) Default mode
network after real HF-rTMS during R1 and R2. (¢) Default mode network after sham HF-rTMS during Rl and

R2. Colorbars represent t-values.

OFEN Personalized repetitive transcranial
magnetic stimulation temporarily
alters default mode network in

et healthy subjects

Published online: 04 April 2019 Aditya Singh?, Tracy Erwin-Grabner’, Grant Sutcliffe’, Andrea Antal*?, Walter Paulus? &

Roberto Goya-Maldonado

High frequency repetitive HF-rTMS) delivered to

prefrontal cortex (DLPFC) for However,
the underlying mechanisms of a full session of HF-rTMS in healthy volunteers have not yet been
described. H investi witha lized selection of DLPFC stimulation sites, the effects
driven by HF-rTMS in healthy (n=23) over th & (DMN) in multiple
time windows. After a complete 10 Hz rTMS (3000 pulses) session, we observe a decrease of functional

ivity between the DMN and the subgenual Anterior Cingulate Cortex (sgACC), as well as the

I striatum (vStr). A negati ion between the magnitude of this d inthe righ

SgACC and the harm avoidance domain measure from the Temperament and Character Inventory was
observed. Moreover, we identify that coupling strength of right vStr with the DMN post-stimulation

P from the Positi d Negative Affect
Schedule. This shows HF-rTMS ion of negative mood in healthy recipients in
agreement with the expected effects in patients. Our study, by using a personalized selection of DLPFC
imulation si i i ffects of a full session of TMS approved for clinical

sites,
use in depression over related brain regions in healthy volunteers.
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