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Introduction
■ DBS
■ neuropsychiatric disorders

■ Tourette 
■ OCD
■ “Depression"
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DBS
History

1987: Benabid introduced Deep Brain Stimulation DBS as 
a treatment of movement disorders

■ Widely applied for movement disorders, e.g Parkinson 
■ Influence of neuronal activity in basal ganglia
■ New indication: psychosurgery / neuropsychiatry
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by courtesy of Prof. M. Hariz

1952-1953: first DBS experiments in humans by different groups;
Improvement  compared to leucotomies (Monitz & Hess)
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DBS
Uniform Selection criteria for DBS

- No other conservative treatment options
- Good physical and mental health
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DBS
p Deep brain stimulation

■ Delivery of current  (mA)
■ Brain parenchyma
■ Implanted electrodes
■ >160 000 patients implanted 
■ 2017:

p 30 years anniversary
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DBS
Movement Disorders

■ Parkinson’s disease

■ Tremor

■ Dystonia
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DBS
Psychiatric Disorders

■ Tourette syndrome

■ Obsessive-Compulsive disorder

■ Depression, ADHD, Anorexia Nervosa, Alzheimer’s 
disease etc
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DBS

1. Stereotactic implantation of electrodes
- local anesthesia
- varying imaging techniques

2.  Test period

3.  Implantation of pulse generator 
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Complications
■ Implantation related complications

Symptomatic bleed:  < 2%
Infection:                   0-10%
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Tourette Syndrome
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Tourette Syndrome

▪ George Albert Edouard Brutus Gilles                  
de laTourette (1857-1904)

■ 1885: neuropsychiatric disease characterized by 
involuntary, stereotyped movements (motor tics), or sounds
(vocal tics)
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Tourette Syndrome
■ Tics

■ start with facial tics
■ before the age of 11
■ wax and waning
■ coprolaly (swearing) 20-30%
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Tourette Syndrome
■ Associated co-morbidity:

■ Obsessive-Compulsive behaviour
■ ADHD
■ Self-injurious behaviour (SIB)
■ Autism related disturbances

■ Prevalence: 0,05 – 0,5 % of population*

■ Male : Female = 4:1
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Therapy
■ Behaviour therapy

■ Medication
■ Classic: haloperdol, clonidine
■ Modern: risperidon, tiapride, olanzapine
■ Atypical: pergolide, quetiapine

■ Surgery
 Deep Brain Stimulation (DBS) (Vandewalle. Lancet 1999)
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Patient selection
Inclusioncriteria Exclusioncriteria

Primary diagnosis TS Tics not related to TS

Minimum score of 80 on the DCI Severe psychiatric disorder

> 25 years Drug abuse/dependence (exception: 
nicotine)

Minimum score of 25 on the YGTSS Severe cognitive disorder

Minimum of 10 sessions of 
behavioural therapy

Structural abnormalities on brain MRI

No respons or intollerable side-effects 
on 3 month trials of classic,  modern 
and experimental antipsychotics

General contra-indications for surgery 
or anestheasia
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PUBMED 2015-2017
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Where are we now?
1. precise pathophysiology unknown

2. which target?

* Based on effects of lesions
* Based on comparable disorders
* Based on pathogenesis of TS
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Trial

Results

Conclusion

p 1. Based on the effect of Lesions
Thalamus

Tourette 
Syndrome

Thalamotomies 
⇓

Thalamic DBS

Hassler and Dieckmann, 
Rev Neurol Paris 1970

Vandewalle et 
al, Lancet 1999
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Trial

Results

Conclusion

2. Based on study the effects on 
“comparable” disordersThalamus

Tourette 
Syndrome

Pallidal stimulation for dyskinesias
⇓

Pallidal stimulation in TS    Diederich et al, 
Mov Disord 04
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3. Based on pathogenesis of TS
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Inclusion criteria 
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9 Targets in literature
- Thalamus

1. thalamic centromedian parafascicular complex
2. crosspoint CM-Spv-Voi
3. Vop-Voa-Voi complex

- Globus Pallidus interna
4. anteromedial 
5. posteroventral

6.  nucleus accumbens
7. anterior limb interna capsule
8. STN
9. GPe



MIND

> 38 case reports
only 6 double blinded randomised trials
n = 200 
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Thalamic DBS
Comparison of thalamic and mGPi in 2 patients 
(Ackermans et al. Mov. Dis 2006)

Thalamic stimulation mGPi stimulation
■ 53% tic reduction 79% tic reduction
■ Compulsions resolved Compulsions resolved
■ Reduced energy reduced energy 

Conclusion:  
■ No defintive conclusion considering best target? 
■ Double blinded randomised controlled trial with thalamic dbs
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Thalamic DBS
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Thalamic DBS 

pre-operative post-operative 
(1 year) p-value

YGTSS 42.2 (3.1) 21.5 (11.1) P = 0.028*

video-tics 233.3 (82.1) 65.3 (81.6) p = 0.028*

mRVRS 12.1 (1.1) 7.8 (3.2) p = 0.046*

OCb 8.3 (5.6) 2.5 (3.5) p = 0.249
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Thalamic DBS

Side-effects:
■ visual disturbances
■ lack of energy
■ frequent replacements of battery
■ erectile changes 
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Thalamic DBS
Patient Sex Age Follow-up 

(months)
DBS on/off/explanted tic reduction %

6 M 40 26 OFF 34

2 M 39 36 OFF 50

3 M 40 78 ON 89

5 M 40 12 OFF (thal)
ON (mGPi)

27
lost to follow-up

4 M 35 16 Explanted
ON (lGPi)

34
64

1 M 48 60 ON (thal) 
OFF (lGPi)

81
-

7 M 45 108 Explanted 
ON (lGPi)

9
80.4



MIND
Lessons learned
* Difference in opinion of satisfactory outcome 
(tics vs side effects)

* Satisfaction is individualised based 

*  Relief of tic improvement may distract from essential other 
premorbid problems and side effects —> loss of burden.

* Side effects, though based on self-report, became more 
pronounced with increasing treatment duration. 
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Lessons learned
* TS patients tend to blame the stimulator for almost all negative 

symptoms

* Professionals reinforce them by frequent adjustments of stimulation

* Guidance in problems coping the postoperative situation

* Study outcomes have focused on tic reduction and rating scales, not 
always accurate reflection of tic impact on self-esteem and socio-
professional life. 
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Thalamic vs Pallidal

Promising reports of pallidal stimulation
Side –effects of thalamic stimulation
anatomic / physiological 
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Pallidal DBS
Internal globus pallidus (GPi)

p Anteromedial limbic part
p Posteroventrolateral motor part

■ Hyperkinesia Parkinson en dystonia
■ TS: disinhibition limbic circuits

■ Welter et al (2008): double blind, RCT, 3 pt 
■ Martinez-Fernandes et al (2011): open label, 5 pt 
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Pallidal DBS

Clinical characteristics
■ 3 ♂, 2 ♀
■ Follow-up: 7 – 38 months (SD 13.7)
■ Mean age: 41.6 years (SD 9.7)
■ 3 patients thalamic DBS in the past
■ 4 patients OCb 
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Pallidal DBS

Primary outcomes

Preoperative Postoperative % improvement P-value
YGTSS tot 42.4 (4.5) 13.8 (5.2) 67.5 (13.3) 0.043*
Video-tics 259.6 (107.3) 56.0 (36.2) 78.4 (10.3) 0.043*
mRVRS 13.0 (2.0) 7.0 (1.6) 46.2 (7.9) 0.041*

* Indicates a significant difference (p <0.05)
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Pallidal DBS

Secondary outcomes

Preoperative Postoperative P-value

Behavioural disorders

Y-BOCS 15.4 (11.5) 5.4 (7.4) 0.068

CAARS 52.3 (43.7) 65.5 (29.5) 0.465

Mood

BAI 37.0 (16.2) 34.0 (12.3) 1.000

BDI 10.5 (6.6) 9.6 (8.6) 0.581
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Pallidal DBS

Side-effects
■ 2 x apathy and passive behaviour 
■ 1 x agitation and weight loss

Complications
■ 1 x infection pulse generator
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Pallidal DBS
Male, 17y old
Only side-effects of stimulation

■ Depression like thoughts
■ Hyperkinetic movements of legs
■ Low stimulation –settings

Follow-up 2y > 50% tic reduction 

Male, 17y old
Post-op behavioural disturbances/aggresion/cannabis interference optimal 
programming
Follow-up 1y >70% tic reduction
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Lessons learned
DBS in TS <25y without attention to ethical aspects 
(Smeets A, et al, submitted)

Spontaneous remission
Chronicity cannot be predicted
Reduce compliance in this age? 
 Ethical discussion: submitted
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How we do it!
(in)direct targetting T2 W planning mri
L-Gpi coordinates

x : 12 mm lateral,
y : 6-9 mm anterior midcommisural point
z :  0-3 mm superior midcommisural point 

>18 Y
Lead 3389
Generalised anesthesia
MER*
Psychiatric ward



MINDPallidal DBS

MER: Israelashvili M, et al. Mov Dis 2017
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Pallidal DBS
Recent publication: Lancet Neurology 2017
- aGPi in TS: randomised, double blinded, controlled
- 2007-2013, inclusion N = 19 
- N = 16 
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Pallidal DBS
- No significant effect after 3 month 

- Data from open-label suggest possible benefit

- 6/11 unemployed returned work/school

- High infection rate (21% removal stimulator)

- IPG implantation after 1-5 days

- 15 SAE in 13 pts



MIND
Conclusions (1)
- Possible explanation: 

1. stimulation settings during blinded phase was below 
side-effect treshold (preserve masking)

2. Cerebral plasticity
3. Complex of TS
4. N = 4 non responders  N = 2, contacts not in aGPi
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Conclusions (2)
High levels of satisfaction  YGTSS suitable marker?

Pallidal vs Thalamus or even more targets might be 
effective 

Meta-analysis 
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Conclusions (3)
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Conclusions (4)
Future studies might focus on a better
characterization of the clinical effects of distinct
regions, rather than searching for a unique target.
(Baldermann et al. 2016)
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OCD
• obsessions (thoughts) and compulsions 

(actions)
• > 1h day
• quality of life

• less respons on medication and therapy 
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OCD
• non responders

• 1. medication
• 2. cognitive/behavioural therapy CBT

• YBOCS >30

• multidisciplinairy team
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OCD
• 1999
• orbiotofronto-striatio-thalamocortical 

network
• 1. anterior limb of internal capsule 

(ALIC)
• 2. ventral capsule and ventral striatum 

(VC/VS)
• 3. nucleus accumbent (Nac)
• 4. nucleus subthalamicus (STN)
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OCD
• mechanism unknown
• neuronal inhibition vs neuronal exitation

• no best target yet
• respons >30%

• infection rate 5-25%!!
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OCD
• promising therapy

• more research and follow-up —> larger 
studies are necessary
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Depression
• although hypothesis no randomised trials 

confirmed

• DBS not (yet) suitable for depression
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DBS and neuropsychiatry
DBS may show promise for OCD and depression
but, 
the results are limited:
- small sample size
- insufficient randomized controlled data

DBS by OCD has FDA  approval. 

Other psychiatric indications (like Tourette) are currently of 
a purely experimental nature.



MIND
Trends

By Yasin Temel and Ali Jahanshahi
Science, 2015
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• Team
• Lab: M. Aldehri, M. Alahmari, F. 

Alasami, J. Habets,  S. 
Hescham, G. Hoogland, B. 
Isaacs, A. Jahanshahi, M. 
Janssen, A. Mulders, S. Pol, M. 
Roet, F. Schaper, G. Van 
Zwieten

• Clinics: L. Ackermans, A. Duits, 
P. Kubben, M. Kuijf, A. 
Leentjens, M. Oosterloo, R. 
Rouhl, K. Schruers, V. van 
Kranen-Mastenbroek. 
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