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Deep Brain StimulationDeep Brain Stimulation

•• Environmental BackgroundEnvironmental Background
–– Prevalence/Treatment GapPrevalence/Treatment Gap–– Prevalence/Treatment GapPrevalence/Treatment Gap
–– History of Psychosurgery/NeurostimulationHistory of Psychosurgery/Neurostimulation

•• Enabling ConditionsEnabling Conditionsgg
–– Depression NeurocircuitryDepression Neurocircuitry
–– Neurosurgical TechniquesNeurosurgical Techniques

P li i R lt i TRDP li i R lt i TRD•• Preliminary Results in TRDPreliminary Results in TRD
–– Subcallosal Cingulate Gyrus Subcallosal Cingulate Gyrus ––Toronto TrialsToronto Trials
–– Alternative TargetsAlternative Targets–– Alternative Targets Alternative Targets 

•• Cautions and Future DirectionsCautions and Future Directions
–– EthicsEthics
–– EvidenceEvidence--based outcomesbased outcomes



Rationale for Neurostimulation TherapiesRationale for Neurostimulation Therapies

•• More than 30% of patients fail to achieve remission More than 30% of patients fail to achieve remission 
with current psychotherapies and pharmacotherapieswith current psychotherapies and pharmacotherapies

•• Growing recognition of recurrentGrowing recognition of recurrent--chronicchronic--degenerative degenerative 
nature of major depressive disordernature of major depressive disordernature of major depressive disordernature of major depressive disorder

•• Limited acceptance of ECTLimited acceptance of ECTLimited acceptance of ECTLimited acceptance of ECT

•• Emerging models of depression neural circuitryEmerging models of depression neural circuitryEmerging models of depression neural circuitryEmerging models of depression neural circuitry

•• Advances in microsurgical techniques permit image Advances in microsurgical techniques permit image g q p gg q p g
guided interventionsguided interventions



Deep Brain StimulationDeep Brain Stimulation
PatientsPatientsDisorderDisorder Patients Patients 
TreatedTreated Deep Brain TargetsDeep Brain Targets

Parkinson’s Parkinson’s 
DiseaseDisease 30,00030,000--40,00040,000

Globus pallidus internus, Globus pallidus internus, 
Subthalamic nucleusSubthalamic nucleusDiseaseDisease Subthalamic nucleusSubthalamic nucleus

Chronic PainChronic Pain 15001500--20002000
Ventral posterior medial and lateral thalamic Ventral posterior medial and lateral thalamic 
nuclei, periventricular and periaqueductal nuclei, periventricular and periaqueductal 
gray mattergray matterg yg y

TremorTremor 500500--10001000 Ventralis intermedius thalamic nucleus, Ventralis intermedius thalamic nucleus, 
zona incertazona incerta

DystoniaDystonia 300300 500500 GlobusGlobus palliduspallidus internusinternusDystoniaDystonia 300300--500500 GlobusGlobus palliduspallidus internusinternus

Cluster HeadacheCluster Headache 3030--5050 PosteriorPosterior hypothalamushypothalamus

EpilepsyEpilepsy 2020--5050 AnteriorAnterior thalamicthalamic nucleusnucleus

OCDOCD 2020--5050 AnteriorAnterior limblimb ofof internalinternal capsulecapsule

Depression ~ 100
SubCallosal Cingulate, Internal Capsule, 
Nucleus Accumbens

Tourette’s Tourette’s 
SyndromeSyndrome 1010--5050

Ventromedial thalamic nuclei, anterior limb Ventromedial thalamic nuclei, anterior limb 
of internal capsule, globus pallidus internusof internal capsule, globus pallidus internus

Modified from Pereira et al, 2007



Subcallosal Cingulate Gyrus VolumeSubcallosal Cingulate Gyrus Volume

•• Reduced subcallosal Reduced subcallosal 
cingulate cingulate (BA25)(BA25)

l i MDDl i MDDvolume in MDD vs. volume in MDD vs. 
ControlsControls
•• Accounted for by Accounted for by 

ti t ithti t ithpatients with more patients with more 
than 3 untreated than 3 untreated 
episodesepisodes

•• No differences in No differences in 
subgenual prefrontal subgenual prefrontal 
cortexcortex (BA24(BA24))cortex cortex (BA24(BA24).).

•• No differences for No differences for 
BA32BA32BA32BA32

Yucel et al, 2008 Drevets 2008



Subcallosal Cingulate (BA 25) in DepressionSubcallosal Cingulate (BA 25) in Depression
Red ction in BA25Red ction in BA25Acute activation BA25 Acute activation BA25 

in Transient Sadnessin Transient Sadness
Reduction in BA25 Reduction in BA25 

Depression  RecoveryDepression  Recovery
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DBS Effect on Cerebral Blood Flow
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DBS to SCGDBS to SCG--25 for TRD:25 for TRD:
Individual Patient HRSD ScoresIndividual Patient HRSD ScoresIndividual Patient HRSD ScoresIndividual Patient HRSD Scores
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Medication StatusMedication Status

•• PrePre--surgerysurgery
–– 11:11: 2 antidepressants + atypical or lithium + BZD2 antidepressants + atypical or lithium + BZD11:      11:      2 antidepressants + atypical or lithium + BZD2 antidepressants + atypical or lithium + BZD

–– 5  :      5  :      1 antidepressant + atypical + BZD1 antidepressant + atypical + BZD

–– 2 :2 : 1 antidepressant only1 antidepressant only–– 2  :      2  :      1 antidepressant only1 antidepressant only

–– 2  :      2  :      No antidepressant, BZD onlyNo antidepressant, BZD only

•• PostPost--surgerysurgery
N tid t ib dN tid t ib d-- No new antidepressants were prescribedNo new antidepressants were prescribed

10 patients received dose decrement or10 patients received dose decrement or–– 10 patients received dose decrement or   10 patients received dose decrement or   
discontinued of an antidepressantdiscontinued of an antidepressant



Subcallosal Cingulate DBS : Adverse EffectsSubcallosal Cingulate DBS : Adverse Effects

Adverse EffectAdverse Effect # of Occurrences# of Occurrences

Wound infectionWound infection 44

PeriPeri--operative seizureoperative seizure 11

HeadacheHeadache 55

Pain at generator sitePain at generator site 11

No adverse eventsNo adverse events 99

Lozano et al. Biol Psychiatry 2008



Neuroanatomical Targets for DBSNeuroanatomical Targets for DBS--TRDTRD

SITESITE RATIONALERATIONALE

•• Subcallosal cingulate Subcallosal cingulate 
cortex cortex –– BA25BA25

OO

•• Theoretically driven by FDGTheoretically driven by FDG--
PET results in sadness MDDPET results in sadness MDD

•• Ventral internal capsule/Ventral internal capsule/

PET results in sadness, MDD PET results in sadness, MDD 
and pharmacotherapyand pharmacotherapy

M d b fit i bidlM d b fit i bidl•• Ventral internal capsule/ Ventral internal capsule/ 
ventral striatumventral striatum

V t l St i t /V t l St i t /

•• Mood benefits in comorbidly Mood benefits in comorbidly 
depressed OCD patientsdepressed OCD patients

•• Ventral Striatum/ Ventral Striatum/ 
Nucleus AccumbensNucleus Accumbens

•• Dopamine rich reward Dopamine rich reward 
pathwayspathways

Giacobbe & Kennedy 2006



The Psychiatrist’s Role in the DBS TeamThe Psychiatrist’s Role in the DBS Team

•• AssessmentAssessment Diagnostic and LongitudinalDiagnostic and Longitudinal
A id i hA id i h•• Stimulator adjustmentsStimulator adjustments

Ph thPh th

Avoid excessive changesAvoid excessive changes

•• PharmacotherapyPharmacotherapy

•• Psychosocial Psychosocial 

Aim for ReductionsAim for Reductions
Better use of CBTBetter use of CBTyy

InterventionsInterventions Involvement of spouseInvolvement of spouse
Workplace reentryWorkplace reentry

•• Team approachTeam approach
Integrated followIntegrated follow--up with up with 
neurosurgery and health care neurosurgery and health care g yg y
team in the communityteam in the community



DBSDBS--Scientific and Ethical Issues:Scientific and Ethical Issues:
Consensus StatementConsensus Statement

•• Support for continuing researchSupport for continuing research
•• Currently an investigational therapyCurrently an investigational therapyy g pyy g py
•• Need for Comparative trials including vs ablationNeed for Comparative trials including vs ablation
•• Perform only at expert centresPerform only at expert centresy py p
•• Interdisciplinary team is essentialInterdisciplinary team is essential
•• Limited at this stage to adultsLimited at this stage to adults
•• Extensive pre surgical assessment is essentialExtensive pre surgical assessment is essential
•• Expand measures into Quality of life and function Expand measures into Quality of life and function 
•• Standardize Consent processStandardize Consent process
•• No evidence to question ability of patients to consentNo evidence to question ability of patients to consent
•• Funding for 5Funding for 5--10 year follow up required 10 year follow up required 

Rabins et al Arch Gen Psych 2009Rabins et al Arch Gen Psych 2009



Future of Neuromodulation Future of Neuromodulation 
TherapiesTherapies

Enhancing patient careEnhancing patient care•• Enhancing patient careEnhancing patient care
•• Reducing marginalization of neuromodulation Reducing marginalization of neuromodulation 

and surgical interventionsand surgical interventionsand surgical interventionsand surgical interventions
•• Reinforces the link between Psychiatry and Reinforces the link between Psychiatry and 

NeurosciencesNeurosciencesNeurosciencesNeurosciences
•• Building interdisciplinary collaborationsBuilding interdisciplinary collaborations
•• Changing public perceptions of PsychiatryChanging public perceptions of Psychiatry•• Changing public perceptions of PsychiatryChanging public perceptions of Psychiatry
•• Challenge to identify optimal endophenotypesChallenge to identify optimal endophenotypes


