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ADHD in Adults- DiagnosticApproach

Step 1

ÅEstablishsufficientnumberof criteria and impairment
of functioningcurrently

ÅThreshold6/9 for inattention and/or 6/9 for
hyperactivity/ impulsivity

ÅProbefor impairmentissues



ADHD in Adults- DiagnosticApproach

Step 2

ÅEstablishsufficientnumberof criteria and impairment
of functioningin childhood, beforeage12 year(and age
of onsetprior to age7)

ÅRetrospective

ÅCollateralinformation(parents, siblings, partner)

ÅOld school reports



ADHD in Adults- DiagnosticApproach

Step 3

ÅEstablishcontinuityof symptomsover time between
childhoodand adulthood

ÅRuleout: substanceuseproblems, depression, anxiety, 
stress

Step 4

ÅThe symptomsand impairmentcannotbeexplained
better by other causesor disorders (e.g. chronic
depression, anxietydisorders, 



ADHD in Adults- DiagnosticAlgorithm

ÅOnsetof (some) symptomsbeforeage7 (at leastbeforeage
12)

Å(retrospective) Diagnosis of ADHD (combined, inattentiveor
hyperactive/ impulsive) in childhood

ÅContinuityof symptoms

ÅDiagnosis of ADHD at adult age

ïcutoff 6/9 inattentivess

ïcutoff 6/9 hyperactivity/ impulsivity

ïImpairmentof functioning

ConnersΩ !Řǳƭǘ !5I5 5ƛŀƎƴƻǎǘƛŎ LƴǘŜǊǾƛŜǿ ŦƻǊ 5{a-IV (CAADID)



Problems in diagnosing ADHD in adults

ÅCriteria for ADHD have not been validated in 
adults

ÅNo developmentally appropriate criteria 
(e.g. runs about and climbs excessively, driven by a motor)

ÅDiagnostic thresholds have not been 
validated in adults

ÅAge of onset criterion specially relevant for 
ADHD in adults



Conclusions of Faraoneet al 2006*

ÅSubjects with late-onset and full ADHD have 
similar patterns of psychiatric comorbidity, 
functional impairment and familial 
transmission; DSM-L±Ωǎ ŀƎŜ-at onset criterion 
is too stringent

Ålittle evidence for the validity of subthreshold
ADHD: it was milder and had different familial 
transmission

*Diagnosing Adult Attention Deficit Hyperactivity Disorder: Are Late 
Onset and SubthresholdDiagnoses Valid? Am J Psy, 2006, 163, 1720-29



.ŀǊƪƭŜȅΩǎ ǇǊƻposalof newcriteria for adult
ADHD in the DSM-V (9 most discriminative)

ÅMakedecisionsimpulsively

ÅHave difficulty stopping my activities or behavior when I should do 
so

ÅStart a project or task without reading or listening to directions 
carefully

ÅPoor follow through on promises or commitments I may make to 
others

ÅHave trouble doing things in their proper order or sequence

ÅMore likely to drive a motor vehicle much faster than others

ÅProne to daydreaming when I should be concentrating on something

ÅHave trouble planning ahead or preparing for upcoming events

Å/ŀƴΩǘ ǎŜŜƳ ǘƻ ǇŜǊǎƛǎǘ ŀǘ ǘƘƛƴƎǎ L Řƻ ƴƻǘ ŦƛƴŘ ƛƴǘŜǊŜǎǘƛƴƎ



Canadult-ADHDbe validatedby
neurobiologicalresearch?



StructuralNeurobiologicalaspects
of adult-ADHD



DorsolateralPrefrontaland Anterior CingulateCortex VolumetricAbnormalities
in Adultswith Attention-Deficit/ HyperactivityDisorder Identified by Magnetic
ResonanceImaging

ADHD adults had significantly smaller overall cortical gray matter, prefrontal and ACC 
volumes than controls

Seidmanet al. Biol Psychiatry. 2006 Nov 15;60(10):1071-80



DorsolateralPrefrontaland Anterior CingulateCortex VolumetricAbnormalities
in Adultswith Attention-Deficit/ HyperactivityDisorder Identified by Magnetic
ResonanceImaging

Seidmanet al. Biol Psychiatry. 2006 Nov 15;60(10):1071-80



DorsolateralPrefrontaland Anterior CingulateCortex VolumetricAbnormalities
in Adultswith Attention-Deficit/ HyperactivityDisorder Identified by Magnetic
ResonanceImaging

Seidmanet al. Biol Psychiatry. 2006 Nov 15;60(10):1071-80

Three-Dimensional (3-D) IsosurfaceRepresentation of the Right Anterior CingulateGyrus



Makris, N. et al. Cereb. Cortex 2007 17:1364-1375

Cerebral cortical thickness differences bij structural MRI between 24 adults with ADHD and 18 
matched normal controls

Selectivecortical thinning of the attention and executivefunction networks in adults
with ADHD

right hemisphere Left hemisphere 

Thinner in ADHD adults{
p< .05

p< .01



Magnetic resonance imaging neocortex (cortical gray matter) volumes in adults, 

predicted by ADHD and BPD  

Towards further understanding of the co-morbidity between 
attention deficit hyperactivity disorder and bipolar disorder: a MRI 

study of brain volumes

Biederman et al. PsycholMed (2008), 38, 1045ς1056 



Towards further understanding of the co-morbidity between attention deficit 
hyperactivity disorder and bipolar disorder: a MRI study of brain volumes

Biederman et al. PsycholMed(2008), 38, 1045ς1056 



Makris, N. et al. Cereb. Cortex 2008 18:1210-1220

Average Fractional Anisotropy (FA)* maps of the controls (n = 17) and ADHD (n = 12) subjects, as 
well as the combination (all 29 subjects)

Attention and Executive Systems Abnormalities in Adults with 
Childhood ADHD: A diffusion tensor magnetic resonance 

imaging (DT-MRI) Study of Connections

*measureof white matter integrity



Makris, N. et al. Cereb. Cortex 2008 18:1210-1220

ROIs: 
ÇCingulum Bundle (CB):connects ACC wilth the DLPFC and inferior parietal lobule (IPL)
Ç(Right) Superior Longitudinal Fascicle II (SLF II): has been shown to be associated 
with attention 

Attention and Executive Systems Abnormalities in Adults with 
Childhood ADHD: A diffusion tensor magnetic resonance 

imaging (DT-MRI) Study of Connections

*measureof white matter integrity



Makris, N. et al. Cereb. Cortex 2008 18:1210-1220

Intergroup difference Fractional 
Anisotropy (FA) maps of controls versus 

ADHD comparison

Illustration of cross-referential localization of 
FA intergroup difference FA between 

controls versus ADHD for the CB and SLF II 
ROIs

Attention and Executive Systems Abnormalities in Adults with Childhood ADHD: A 
DT-MRI Study of Connections

The orange/yellowareas indicate regions 
where the control group has significantly 
higher FA values than the ADHD group



StructuralNeurobiologicalaspectsof 
adult-ADHD

ÅDorsolateralPrefrontalCortex (DLFPC)
ÅFrontorbitalCortex (FOC)
ÅAnteriorCingulateCortex (ACC)
ÅInferior ParietalLobule(IPL)
ÅCorticostriatalSystem
ÅSmaller overall cortical gray matter
ÅOverall white matter volume increase
ÅDecreased white matter integrity in CB and SLF II

Differencesin structuressubservingattention and 
executivefunctions(frontostriatal system)



FunctionalNeurobiologicalaspectsof 
adult-ADHD



The Counting Strooptask

Anterior CingulateCortex Dysfunction in ADHD Revealed 
by fMRIand the CountingStroop

Bush et al. BiolPsychiatry1999;45:1542ς1552 



Anterior cingulatecognitive division activates in the normal control group
but not in the ADHD group during the counting Stroop.

n=8n=8

frontostriatoςinsularςthalamic activity 

Anterior CingulateCortex Dysfunction in ADHD Revealed 
by fMRI and the CountingStroop

Bush et al. BiolPsychiatry1999;45:1542ς1552 



increasedperfusionrelativeto controls
(continuous arterial spin labelling(CASL) MRI

Increasedcerebralperfusionin adult attention deficit hyperactivitydisorder: a non-
invasiveMRI pilot study

O'Gormanet al. Neuroimage. 2008 Aug1;42(1):36-41.

LC: left caudate; iFG: inferior frontal
gyrus; CG: cingulategyrus, pCu: 
precuneus; mFG: medialfrontal gyrus; 
pcG: post-centralgyrus

Group comparisonbetweenunmedicatedADHD patientsand controls



Model of MPH actions: (A) blockade of DAT (B) Accumulation of DA in synaptic 
cleft (C) Stimulation postsynaptic D-receptors (D) Feedback inhibition of DA 

neuron firing (E) escape of DA in extrasynapticspace (F) increase of 
autoreceptorstimulation attenuating DA release

E

D

F

DAT: DopamineTransporter



striatum

MP reduced binding 
of [11C]raclopride in 
the striatum where 
it competes with 
dopamine (DA) for 
binding to DA D2 
receptors

Sample: 11 healthy 
males 

Volkowet al. The Journal of Neuroscience, 2001, Vol. 21 RC121 1-5

Therapeutic Doses of Oral Methylphenidate Significantly 
Increase Extracellular Dopamine in the Human Brain

http://www.jneurosci.org/content/vol21/issue2/images/large/nq2014896001.jpeg


Therapeutic Doses of Oral Methylphenidate Significantly 
Increase Extracellular Dopamine in the Human Brain

Oral methylphenidate significantly increased extracellular DA in brain, as 
evidenced by a significant reduction of D2 receptor availability (B max /Kd)

Volkowet al. The Journal of Neuroscience, 2001, Vol. 21 RC121 1-5



Dopaminetransporter availability ([123-I]-ALTROPANEbinding potential) as a 
function of agefor patientswith ADHD

patientswith ADHD

healthyvolunteers

Dougherty et al., Lancet 1999



Increased striatal dopamine transporter in adult patients with
attention deficit hyperactivity disorder

SPECT

Krauseet al.Neuroscience Letters285 (2000) 107±110



Increased striatal dopamine transporter in adult patients with
attention deficit hyperactivity disorder: effects of methylphenidate
as measured by single photon emission computed tomography 

A: ADHD patients B: After MPH C: Controls

Krauseet al.Neuroscience Letters285 (2000) 107±110

Representative SPECT scans for ADHD patients as compared to age-matched 
controls MPH lowers increased striatal DAT availability in ADHD adults



Further Evidence of Dopamine Transporter Dysregulationin 
ADHD: A Controlled PET ImagingStudyUsingAltropane

Spencer et al. BIOL PSYCHIATRY 2007;62:1059ς1061

Significantly increased DAT binding in the right caudate



Striatal [123I]ß-CITAvailability (V3) in HealthyComparisonSubjects
(N=9) and AdultsWith ADHD (N=9) 

SPECT

n=9n=9

van Dyck et al., Am J Psychiatry 2002; 159:309-12

Unaltered
Dopamine
Transporter
Availability

http://ajp.psychiatryonline.org/content/vol159/issue2/images/large/K123F1.jpeg


Dopaminetransporter imagingin adult patients with ADHD
Hesseet al. PsychiatryRes. 
2009 Feb28;171(2):120-8

Fig. 2.[123I]FP-CIT V3  ƛƴ ŀƭƭ 
striatalregions in the 
ADHD vs. control group. 
P< 0.05, P< 0.01.

Fig. 3.Representative transverse SPECT slices at 
the level of the maximum striataldiameter in a 
control and an ADHD patient. Right- and left-sided 
striatal [123I] FP-CIT binding ratios (V3 ύ ŀǊŜ ƎƛǾŜƴΦ



FunctionalNeurobiologicalaspectsof 
adult-ADHD

ÅDysfunction of the ACC
ÅHyperperfusionin frontal/post-centralgyri, right 
ACC and left Caudate
ÅIncreased striatalDopaminetransporteravailability
Åincreaseddopaminereuptake
Åincreasedextracellulardopamineconcentration
in the synapse

Dysfunctionsin the frontostriatal system



Neurobiologicaleffectsof 
methylphenidatein adultswith ADHD



Increased striatal dopamine transporter in adult patients with
attention deficit hyperactivity disorder: effects of methylphenidate

as measured by single photon emission computed tomography

SPECT

Krauseet al.Neuroscience Letters285 (2000) 107±110



Increased striatal dopamine transporter in adult patients with
attention deficit hyperactivity disorder: effects of methylphenidate
as measured by single photon emission computed tomography 

A: Before MPH B: After MPH C: Controls

Krauseet al.Neuroscience Letters285 (2000) 107±110

Representative SPECT scans for ADHD patients as compared to age-matched 
controls MPH lowers increased striatal DAT availability in ADHD adults



Influence of striataldopamine transporter availability on the
response to methylphenidate in adultpatients with ADHD

Krauseet al. EurArchPsychiatryClinNeurosci(2005) 255 : 428ς431 



3La Fougereet al. NuclMed Commun. 2006 Sep;27(9):733-7

Value of 99mTc-TRODAT-1 SPECT to predict clinical response to 
methylphenidate treatment in adults with ADHD



O'Gormanet al. Neuroimage. 2008 Aug1;42(1):36-41.

Increasedcerebralperfusionin adult attention deficit hyperactivitydisorder is 
normalisedby stimulant treatment: a non-invasiveMRI pilot study

Perfusion decreased with medication 
(off > on). (continuous arterial spin 
labelling(CASL) MRI)

Paired comparison between ADHD patients on and off treatment with methylphenidate

LC: left caudate; iFG: inferior frontal
gyrus; pHG: parahippocampalgyrus; 
pc: post-centralgyrus; smG: supra-
marginal gyrus



O'Gormanet al. Neuroimage. 2008 Aug1;42(1):36-41.

Increasedcerebralperfusionin adult attention deficit hyperactivitydisorder is 
normalisedby stimulant treatment: a non-invasiveMRI pilot study

caudate nucleus cluster shows reduced perfusion following treatment in the ADHD group



Bush, G. et al. Arch Gen Psychiatry 2008;65:102-114.

Multi-Source InterferenceTask (MSIT) trial examples

FunctionalMagneticResonanceImagingof Methylphenidateand 
Placebo in Attention-Deficit/ HyperactivityDisorder Duringthe 
Multi -SourceInterferenceTask(MSIT)



Bush, G. et al. Arch Gen Psychiatry 2008;65:102-114.

6 weeks of treatment with the methylphenidate OROS, compared with placebo, produced both a 
treatment group (methylphenidate OROS vs placebo) x scan (scan 1 [baseline] vs scan 2 [6 

weeks]) interaction and significantly increased activation of the dorsal anterior midcingulate
cortex (daMCC) bilaterally, a third region posteriorly adjacent to the daMCC, and a fourth in the 

right insula

FunctionalMagneticResonanceImagingof Methylphenidateand 
Placebo in Attention-Deficit/ HyperactivityDisorder Duringthe 
Multi -SourceInterferenceTask(MSIT)



Bush, G. et al. Arch Gen Psychiatry 2008;65:102-114.

(n = 10)

FunctionalMagneticResonanceImagingof Methylphenidateand Placebo in 
Attention-Deficit/ HyperactivityDisorder Duringthe Multi -SourceInterference
Task(MSIT)

Increased activation of the cingulofrontoparietal network (daMCC bilaterally, the right-sided 

DLPFC, and the bilateral superior parietal cortices) in the methylphenidate OROS group (n = 

11) compared with the placebo group



Bush, G. et al. Arch Gen Psychiatry 2008;65:102-114.

Individual-level dorsal anterior midcingulate
cortex (daMCC) analyses confirmed that the 

methylphenidate OROS and placebo groups did 
not differ at baseline, but the methylphenidate 

OROS group showed higher daMCC
activation at 6 weeks

FunctionalMagneticResonanceImagingof Methylphenidateand Placebo in 
Attention-Deficit/ HyperactivityDisorder Duringthe Multi -SourceInterference
Task(MSIT)


