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ADHD
Historical Timeline
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Attention Deficit Hyperactive Disorder

Must meet at least 6 of the criteria within A1 and/or A2, and have experienced for at least the past 6 months.

Al: Inattention

a. Often fails to give close attention to details or makes careless mistakes
in schoolwork, at work, or during other activities (e.g., overlooks or misses
details, work is inaccurate).

b. Often has difficulty sustaining attention in tasks or play activities (e.g.,
has difficulty remaining focused during lectures, conversations, or reading
lengthy writings).

c. Often does not seem to listen when n to directly (e.g., mind
- seems elsewhere, even in the absence of any obvious distraction).

,Inapproprlate (In adolescents or adults, may be Ilmll:ed to feeling

2: Hyperactivity and Impulsi@

a. Often fidgets with or taps hands or feet or squirms in seat.

b. Often leaves seat in situations when remaining seated is
expected (e.g., leaves his or her place in the classroom, office or
otheerd vu)torkplace, or in other situations that require remaining
seat.

Often runs about or climbs in situations where

B. Several inattentive or hyperactive-impulsive symptoms were present prior to age 12.
C. Criteria for the disorder are met in two or more settings (e.g., at home, school or work, with friends or relatives, or in other

activities).

D. There must be clear evidence that the symptoms interfere with or reduce the quality of social, academic, or occupational

functioning.

E. The symptoms do not occur exclusively during the course of schizophrenia or another psychotic disorder and are not better
accounted for by another mental disorder (e.g., mood disorder, anxiety disorder, dissociative disorder, or a personality disorder).




Incidence en France : 3,59,

Lecendreux et al., 2010
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Inattention

Trajectoires des symptomes d’inattention et

résultats scolaires dans le TDAH (pingault et al.,
Am Journal of Psychiatry, 2011)
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Inattention

« Inattention rather than hyperactivity during elementary school significantly predicts
long-term educational attainment. Children with attention problems, regardless of
hyperactivity, need preventive intervention early in their develop ment. »



Neurologie du TDAH

® Deux modeles qui s'opposent
® modele classique : TDAH = défaut d'inhibition de |'action (Barkley)
® Ref : systemes de controle exécutif : "cool" executive

® Modele plus récent : TDAH = défaut de capacité a différer la
récompense (delay aversion = "hot executive")
® Ref : modele des circuits de la récompense

® Cf. comorbidité troubles des conduites (CD) ~ 50%

® Les pistes actuelles : défaut de connectivité




|/ Le modele classique

= inhibition de 'action (Barkley)
Imagerie fonctionnelle dans des protocoles d’inhibition (go-no-go, stop signal, flanker, Stroop....)

- Hypofonctionnement du cortex frontal
- Notion de dysfonctionnement exécutif







ADVANCING THE NEUROSCIENCE OF ADHD

Structural Brain Imaging ~f Attantian_Nafiris/

Hypera ctivity Disorder + Human Brain Mapping 31:904-916 (2010)
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Substrat cérébral du trouble
attentionnel

® Travaux de Posner et coll.

Box 2. Posnerian Trinity of Attention

Superior Frontal eye Anterior cingulate

pariotallobe_ field oyn Le triple systeme de
|'attention selon Posner :
alerte, orientation,
controle exécutif

Superior L+ f?i,;, O £ o . 7 - orientin
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Executive (confli




Réseau fronto-pariétal dorsal (bilatéral) : attention endogéne; génération d’un « set
attentionnel » applicable lors du traitement du stimulus dans une tache donnée

Sillon intra-pariétal/
Lobule parictal supérieur

Cortex visuel

Corbetta et al., 02 -

Jonction temporo-pariétale
(lobule pariétal inférieur,
gyrus temporal supérieur

- Frontal Eye Field

Cortex frontal ventral
(gyrus frontal moyen et
inférieur)

Réseau fronto-pariétal ventral (fortement latéralisé a droite) : attention exogéne;
détection de stimuli comportementalement pertinents. Systeme d’alerte pour le

systeme dorsal.




Bilatéral et « Dorsal attentional
symétrique network » : orientation

spatiale

B swr B swrn SLF 1l

« Ventral attentional
T network » : détection

Thiebaut de Schottern, 20 TTT = evenements motivants
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The SLF Il connects the parietal component of the VAN to the
prefrontal component of the DAN




Neuropsychophamacology REVIEWS (2010) 35, 278-300
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BIOL PSYCHIATRY
Anterior Cingulate Cortex Dysfunction in Attention- A
Deficit/Hyperactivity Disorder Revealed by fMRI

and the Counting Stroop

George Bush, Jean A. Frazier, Scott L. Rauch, Larry J. Seidman, Paul J. Whalen,
Michael A. Jenike, Bruce R. Rosen, and Joseph Biederman

Single Trial Examples
(IST = 1500 msec)

Time (minutes)

Figure 1. The Counting Stroop task: trial examples and block
design. The top portion of this combination figure depicts
examples of single trials for the two types of stimuli. Subjects
were told that they would see sets of one to four identical words
appear on the screen, and were instructed to report, via button-
press, the number of words in each set, regardless of word
meaning. During “neutral™ trials, common animal names (dog,
cat, bird, or mouse) were used. During “interference” blocks, the
words consisted of number names (one, two, three, or four).



Counting Stroop Studies

Present Study  Bush et al. 1998
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JAMA Psychiatry Twenty-one data sets were included for inhibition

Formerly Archives of General Psychiatry .
_ _ _ (287 patients with ADHD and 320 control subjects),

Meta-analysis of Functional Magnetic Resonance . .

Imaging Studies of Inhibition and Attention in and 13 data sets were included for attention (171

Attention-deficit/Hyperactivity Disorder patients with ADHD and 178 control subjects).

Exploring Task-Specific, Stimulant Medication, and Age

Inhibition I} Attention

Medial view: Medial view: Precuneus
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Lateral view: gang Basal_
ganglia
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BIVIC Psychiatry BioMed Cerira
Research article

Structural brain change in Attention Deficit Hyperactivity Disorder

identified by meta-analysis
lan Ellison-Wright* 1.3, Zoé Ellison-Wright? and Ed Bullmore3

Address: 'Avan and Wilisshire Menzal Healch Partnesship NHS Truse, Salishury, UK “Child and Adelescent Mental Health Service, Doeset County

lospatal NHS Foundation Trust, Dorchester. UK and "Brain Mapping Unit. University of Cambridpe. Cambridge, UK
Emall: lan Elllson-Wright* an ewidinbax com; Zod Ellson-Wright - 2oceellison-wright@dchit nhs.uk: Ed Bullmaore - ech23@cam.ac uk
* Cosresponsling authaor
Puslshed 30 june 2008 Recomved: 7 Mav J008
Figure 2
Gray Matter Decreases in ADHD. Gray matter signal
decrease in ADHD in the right putamen/globus pallidus
region, displayed on a three-dimensional rendered brain with
Figure | right frontal lobe removed.
Gray Matter Decreases in ADHD. A transverse section
at Talairach space level 2 = 10 showing gray matter reduction
in ADHD in the right putamen/glcbus pallidus region, dis- ADHD had more lesions localized in the right putamen
played on 2 ternplate brain. The right side of the section rep- [23]. Another study of ADHD symptoms in twenty-five
resents the right side of the brain. Significant clusters were children with focal suoke lesions found that the symp

thresholded with a false discovery rate (FOR) at P < 0.05. toms were most commonly associated with lesions of the



I/ Le modele alternatif

= défaut des systémes de la récompense (Sonuga-Barke)
Imagerie fonctionnelle dans des protocoles de récompense

- Dysfonctionnement des circuits cortico-
striés
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Noyau accumbens
Chez l'animal : en
activité lors de
'anticipation d'une
récompense, |
évaluation de la
magnitude d'une
récompense

Chez I'homme
impliqué dans les
conduites a risque et
addictives




Noyau accumbens
activé lors d’une tache
de gambling en IRM
fonctionnelle

accumbens
Pallidum ventral

Aire tegmentale
ventrale

Substance noire
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Fonctions exécutives

Aversion pour le délai

Réponse
parentale

Bases — ‘ —
neurobiologiques C‘lrcult flzxecutlf. Clrcqlt de la} récompense
Systéme méso-cortical Systéme méso-limbique
v v
Processus Déficits d’inhibition Gradient raccourci du
psychologiques l délai de récompense |
<
Dysfonctionnement A4
exécutif Aversion du délai
Expression
» TDAH [ —
comportementale ¢

—» Engagement

Physiopathologie du TDAH (D’apres Sonuga-Barke, 2002, 2003)
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Le TDAH lié a une anomalie neurologique du systéme de AIPRG:  AANEA, SHERSIGHEC s SPUSSSTOL 0K, o B iapintec:

la motivation .
PsychoMédia - Publié le 09 septembre 2009 COMMUNICATION
4.3 L'inattention associée au trouble déficit d'attention et
' hyperactivité (TDAH) pourrait s'expliquer en partie par la . .
sous-stimulation des centres du cerveau dits de la Evaluatll‘lg Dopamine Reward Pathway
récompense, impliqués dans la motivation, selon une in ADHD
étude publiée dans le Journal of the American Medical Clinical Implications
Association. S—
Nora D. Volkow, MD Context Attention-deficit/hyperactivity disorder (ADHD)—characterized by symp-
Gene-Jack Wang, MD toms of inattention and hyperactivity-impulsivity—is the most prevalent childhood psy-
Les cherofieus ont comperd des images odmitrales do | foth e e s o e 7 e s s o
o H m L. + N N . — .
. / 53 aqu"es attelnts du TDAH' ne 'prenant pas de Jeffrey H.l‘l;\'ewcorn, MD gﬁk:;x; k::gﬁ::imfmmﬁmmﬂmﬂ:m:ﬁmm:mﬂg
> ' | — médicaments, et 44 personnes n'ayant pas le TDAH. Frank Telang, MD Design, Setting, and Participants We used positron emission tomography to mes-
oas. Joanna S. Fowler, PhD sure dopamine synaptic markers (transporters and D./D: receptors) in 53 nonmedi-
— cated adults with ADHD and 44 healthy controls between 2001-2009 at Brookhaven
- o~ 7 Wei Zhu, PhD National Laboratory.
S Jean Logan, PhD Main O M Wer d specific binding of positron emission to-
T e mn o mographic radiolig_andf_for dgpavr:ne tran;;:;r‘;tearss gg.;\;) usiovlgn[t‘iﬁ;?s?;iig:h%l:‘dvg
Les personnes ayant le TDAH présentaient de faibles niveaux de certains récepteurs du B “
. N ——— Results For both ligands, statistical parametric mapping showed that specific binding
neurotransmetteur dopamine dans le mésencéphale et le noyau accumbens, des régions _ waslowerin ADHD than i conrls(treshold forsignfcance et at P <, 005) nregons

clés du circuit dopaminergique de la récompense, ont constaté Nora D. Volkow du National
Institute on Drug Abuse (Etats-Unis) et ses collégues. De bas niveaux des récepteurs de la
dopamine étaient [associés avec des résultats plus faibles a des tests d'attention.

"Cela peut expliquer pourquoi les déficits d'attention des personnes atteintes du TDAH sont
plus importants dans des taches qui sont considérées comme ennuyantes, répétitives et
inintéressantes ainsi qu'expliquer la propension aux complications telles que la toxicomanie
et I'obésité (la dopamine étant impliquée dans les addictions)", écrivent les auteurs.
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ARTICLE Janwary 0%, 2000
Basal Ganglia Volume and Shape in Children With Attention
Deficit Hyperactivity Disorder

Angl Qiw, Ph.D; Deans Crocetti, B.5.; Marcy Adler, BA,; E. Mark Mahone, Ph.D.; Martha B. Denchla,
M.D.; Michae! 1. Miller, Ph.D.; Stewart K. Mostofsky, M.D.

Am ) Psychiatry 2000, 166 74-82. 901110 1176/a94 20, 2008 080304 26
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Pl Mapping the Development of the Basal Ganglia in Children With
Attention-Deficit/Hyperactivity Disorder

Philip Shaw, MD, PhD* & . & pjatro De Rossi, MD?, Bethany Watson, BA®, Amy Wharton, BA®,
Deanna Greenstein, PhDs, Armin Raznahan, MD, PhD=, Wendy Sharp, MSW?, Jason P. Lerch, PhD",
M. Mallar Chakravarty, PhD

In the ventral striatal surfaces, there was a
diagnostic difference in developmental
trajectories (t = 5.6, p < .0001). Here, the
typically developing group showed surface
area expansion with age (estimated rate of
increase of 0.54 mm? per year, standard error
[SE] 0.29 mm? per year), whereas the
ADHD group showed progressive
contraction (decrease of 1.75 mm? per year,
SE 0.28 mm? per year). The ADHD group
also showed significant, fixed surface area
reductions in dorsal striatal regions, which
were detected in childhood at study entry and
persisted into adolescence.



BRIEF REPORTS

Ventral Striatal Hyporesponsiveness During Reward
Anticipation in Attention-Deficit/Hyperactivity Disorder
Anouk Scheres, Michael P. Milham, Brian Knutson, and Francisco Xavier Castellanos

Background: Although abnormalities in reward processing have been proposed to underlie attention-deficit/hyperactivity disorder
(ADHD), this link has not been tested explicitly with neural probes.

Methods: This hypothesis was tested by using M to compare neural activity within the striatum in individuals with ADHD and healthy
controls during a reward-anticipation task that has been shown previously to produce reliable increases in ventral striatum activity in healthy
adults and healthy adolescents. Eleven adolescents with ADHD (S off medication and 6 medication-naive} and 11 healthy controls (ages
12-17 y) were included. Groups were matched for age, gender, and intelligence quotient.

Results: We found reduced ventral striatal activation in adolescents with ADHD during reward anticipation, relative to healthy controls. Moreover,
ventral striatal activation was negatively correlated with parent-rated hyperactive/impulsive symptoms across the entire sample.

Condusions: These findings provide neural evidence that symptoms of ADHD, and impulsivity or hyperactivity in particular, may involve
diminished reward anticipation, in addition to commonly cbserved executive dysfunction.

You won §8
@ Your tote s
$10 20
f | |
Cue ¥ Outcome
(280 mw) ( - (1650 ma)
ArBCgaan Ceuy
(2000-2%00 ™) (varatie |
& seconos
cue t.w
+0.00 +0.20 +1.00 00 000 020 -1.00 -5.00
- J |  ——y |  ——y |
‘Gain versus nongain l '
anticpation L 4 N 1 N " N N 2 1 N 2 2 2 . L N " M 1 " M 2 .

W W WM WM WM X R M EFE DB PN R M N BSOS Q uaow




Controls

(A)

ADHD

T Anticipation of Reward
% 4] < -a-.ADHD
§§ 0.5. —=—Controls
©
£3 o
8 .05-
)
§ s
L
o 2 ' ‘
$0 $0.20 $1 $5
Amount
( ) Outcome Reward
£ 1.5
3 1
B o
£ s e’
38,20 I ==
*35 0.5 1
-1 il ADHD
1.5 1 - = A = +Controls
o -2 - -
S0 $0.20 $1 $5
Amount

Parameter estimates with
standard errors

standard errors

Parameter estimates with

-

o

)

.
=

-
h o z”
' ]

5
1 -
5 4
o L. - < aedL I
5 3
-1 1 ——8— ADHD
5 4 « « A = +Controls
-2 - v
$0 $0.20 $1 $5
Amount

Figure 2. Impact of reward anticipation and outcome on ventral striatum

(VS) activity.

TDAH : hypoactivation du
striatum ventral lors de
l'anticipation de la
récompense




Review

Ventral-striatal responsiveness during reward anticipation in ADHD
and its relation to trait impulsivity in the healthy population: A
meta-analytic review of the fMRI literature

Michael M. Plichta®*, Anouk Scheres”

 Central Institute of Mental Health, Department of Psychiatry and
Germany A
b Developmental Psychology, Behavioural Science Institute, Radboi

Statistics for each study Std diff in means and 90% CI

Study Year Std diffin Standard Variance Lower Upper z-  Total

means error limit limit wvalue N 20 0.0 2.0
© 1080 0.519 0270 0205 1914 2041 22
© 1438 0.597 0.357 0455 2420 2407 20
© o7 0.445 0.198 0014 1478 1677 26
© o.3es 0.202 0041 0035 0701 1819 104 .-
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© 0563 0468 0220 0208 1333 1224 38 -
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Neural Hyporesponsiveness and Hyperresponsiveness BIOL PSYCHIATRY 2009;65:7-14
During Immediate and Delayed Reward Processing in
Adult Attention-Deficit/Hyperactivity Disorder

Michael M. Plichta, Nenad Vasic, Robert Christian Wolf, Klaus-Peter Lesch, Dagmar Brummer,
Christian Jacob, Andreas J. Fallgatter, and Georg Grén

© 2009 Society of Biological Psychiatry
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ReVIEW

“Cool” Inferior Frontostriatal Dysfunction in
Attention-Deficit/Hyperactivity Disorder Versus
“Hot” Ventromedial Orbitofrontal-Limbic

Dysfunction in Conduct Disorder: A Review
Katya Rubia

Areas of
hypoactivation in
CD children
compared to ADHD
and controls

Sustained

attention
(Hippoc.+insula)

Reward

(ventro-lateral
orbital)



A review of fronto-striatal and fronto-cortical brain
abnormalities in children and adults with Attention Defic
Hyperactivity Disorder (ADHD) and new evidence for
dysfunction in adults with ADHD during motivation and
attention

Ana Cubillo, Rozmin Halari, Anna Smith, Eric Taylor and Katya Rubia®

Department of Child Psychiatry, King’s College London, Institute of Psychiatry, London, UK

Comparaison adulte/enfant : il
tﬁCh@ d ’ attention Soutenue : Fig. 1 — Schematic illustration of the Rewarded Continuous

Performance Test. Response required to “X” or “O", not to

hypoactivation fronto-pariéto-
striatale (comme chez I’enfant) o e i“wlh“,i':'n"”,w’“
TAache récompensée : romaiseted with C1 Dp 1o 28 cons b wors 0 the sk
hypoactivation ventro-médiane, Rewarded CPT

mais seulement s1 trouble des 1£ pour 3 bonnes
conduites comorbide réponses (hits)
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a Sustained attention: non-rewarded target vs non-target trials
Controls > ADHD

Effet de la
cible : sous-
activation
fronto-striatale

Effet de la
recompense :
sous activation
frontale
antérieure
gauche
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OPENaACCESS Freely available online @PLOS ‘ ONE

Abnormal Striatal BOLD Responses to Reward
Anticipation and Reward Delivery in ADHD

Emi Furukawa'*, Patricia Bado??, Gail Tripp', Paulo Mattos??, Jeff R. Wickens', Ivanei E. Bramati®?,
Brent Alsop”, Fernanda Meireles Ferreira?, Debora Lima?, Fernanda Tovar-Moll*?, Joseph A. Sergeant®,
Jorge Moll?

1 Okinawa Institute of Science and Technology Graduate University (OIST), Okinawa, Japan, 2 D'Or Institute for Research and Education (IDOR), Rio de Janeiro, Brazil,

2 Faderal Univerdity of Rin de lansira Rin de lansirn Rrazil 4 Univercitvy of Otana Dunsdin New Zealand SV Univerdity Amctordam Amcatardam The Netherlande

Cue A reward Cue A non-reward Cue B non-reward
(44 trials) (22 trials) (22 trials)

cue: 2s

delay: 6s

(anticipation)

outcome: 2s

button press 2s

delay: median 6s

Figure 1. Classical conditioning fMRI paradigm. One of two neutral stimuli (Cue A or Cue B) was fol



A) Striatal responses to reward anticipation in ADHD and Control groups C) Mean parameter estimates
and standard errors
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Fonctions exécutives Fonctions exécutives
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Conclusion

® La dysfonction des systémes exécutifs « froids », sous-
tendus par le cortex frontal latéral, reste une expllcatlon
valide de la limitation des capac:ltes attentionnelles, en
particulier ['attention soutenue

* L'impulsivité et ["aversion au délai (« hot-executive »),
sous-tendus par les circuits a orlglne orbito-frontale,
seraient plutdt liés a un défaut d’ajustement des
systémes de la récompense, en particulier lors de
comorbidité avec des troubles des conduites

* |l'y a de forts arguments, en particulier anatomiques,
pour présumer que le primum movens est une
dysfonction au niveau des circuits de la récompense et

que les autres systémes sont secondairement

dysfonctionnels




I1l/ defaut de connectivité et
mecanismes du trouble de
[’attention.

= défaut de connectivité de repos (« default mode)
+ tractographie : étude des circuits cortico-sous-corticaux

- Dysfonctionnement des connexions
cortico-corticales et cortico-sous-corticales




F.X. Castellanos et al. BIOL PSYCHIATRY 2008;63:332-337

A

Seed Region Controls

4

;(/.‘-‘{"f
!

ADHD-Related Differences

Etat de repos (resting state) enregistré en IRMf BOLD chez 20 adultes TDAH et 20
témoins appariés : anticorrélation entre DMN (précuneus et ventromedial prefrontal
cortex) et cingulaire antérieur. La moindre activité chez les TDAH suggere un défaut de
connectivité entre ces deux structures et un défaut de suppression de I'activit€ spontanée
on dirigée vers un but)
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ient apres le debut de I’action, parasitant ainsi
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I : Regions of significant differences between adolescents with ADHD and controls

Neuroimaging of brain development—a review - Dennis and Thompson Dialogues in Clinical Neuroscience - Vol 15+ No. 3+ 2013




Connectomic Disturbances in Attention-Deficit/
Hyperactivity Disorder: A Whole-Brain
Tractography Analysis

Soon-Beom Hong, Andrew Zalesky, Alex Fornito, Subin Park, Young-Hui '
In-Chan Song, Chul-Ho Sohn, Min-Sup Shin, Bung-Nyun Kim, Soo-Churl C
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Corrélation entre défaut de
connectivité dans divers faisceaux
d’association et nombre d’erreurs
d’omission au CPT?2

ADHD, combined
(n=39)
ADHD, inattentive
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Corrélé a 'impulsivité s r\ 3N Proportionnel aux

mesures d’attention

TDAH :schématisation des principaux faisceaux d’association issus du cortex
frontal tels qu’ils peuvent étre individualisés en tractographie IRM.

anomalie d’anisotropie en tractographie proportionnelle a diverses mesures des
fonctions exécutives (mémoire de travail, attention soutenue, flexibilité...)

4,5 : fronto-strié ventro-latéral et orbito-caudé : corrélés au déficit attentionnel
: unciné : corrélé a ’impulsivité
et al. (2012); Wu et al. (2012)




Conclusion (2)

Les méthodes de tractographie ont récemment été largement
utilisées dans le TDAH, pour évaluer la these d’un défaut de
connectivité.

Un défaut de connectivité de divers circuits cortico-corticaux et
cortico-sous-corticaux pourrait rendre compte de ces déficits, et
aussi de |'activité mentale spontanée matéralisée par |'activité de
repos dans le circuit « default-mode ».

De nombreux faisceaux de substance blanche ont été analysés
comme anormalement constitués ou organisés dans le TDAH
(enfant et adulte), a divers niveaux : cortico-cortical, cortico-strié,
cortico-cérébelleux.

Les travaux les plus récents pointent vers un défaut multifocal de

connectivité avec des variations individuelles pouvant correspondre
a la présence des différents symptémes : inattention, agitation-
impulsivité, signes moteurs, troubles des conduites -




