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Deep brain stimulation: The device



STN DBS
GPi DBS

Established indications New indications

Essential Tremor
Parkinson‘s Disease
Generalised Dystonia

Cervicale Dystonia
Tardive Dystonia
M. Huntington
Gille de la Tourette
Obsessive-compulsive Disorder
Depression

Epilepsy

Cluster Headache

Thalamus (VIM) DBS

Indications and Targets of DBS



DBS for PD Study Group, NEJM 2001

Improvement 6 months after surgery

- Motoric symptoms (UPDRS) ~52 %

- Activities of daily living (ADL):  ~44 %

- Reduction l-dopa-dose:  ~36.5 %
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The effect of STN-stimulation in Parkinson´s
disease(PD)
91 patients, 6 months post-op, 18 centers



The effects of DBS in Parkinson´s Disease



• Eyelid-opening apraxia: 19 %

• Disabling dyskinesia: 16 %

• Weight gain (mean 3kg): 92%

• Dysarthria: 9 %

• tetanic muscle contraction: 5 %

Krack et al. 2003

The motoric side-effects of STN-DBS in PD



STN-HFS is associated with non-motor effects related to cognitive 
functioning, emotion and behaviour

• acute induction of  -mirthful laughter (Krack 2001)

-depression (Bejjani 1999

-aggressive attack (Bejjani 2002)

-euphoria (Funkiewiez 2003) 

• chronic STN stimulation may result in

-resolution or development of depression (Kumar 1999; Ardouin 1999; 
Krack 2000; Berney 2002; Houeto 2002)

-enhanced emotional lability (Krack 2000)

-manic episodes (Herzog 2003; Romito 2002) 

-impulse control disorder, e.g. pathological gambling, 

hypersexuality (Krause 2001; Romito 2002)

Non-motor effects of STN-DBS in PD



Psychiatric side effects of STN-DBS: 
Case report I

Wojtecki at al.Affective lability induced by STN-DBS



Psychiatric side effects of STN-DBS: 
Case report I

Mirthfull laughter induced by STN-DBS



Non-motor effects of STN-DBS

� parallel basal-ganglia cortical circuits 
mediating movement, cognition and 
emotion

� STN involved in processing of limbic 
information 

associative
limbic

Alexander 1986, 1990; Groenwegen 1990; Parent and Hazrati 1995; aron 2002

motor



Deep brain stimulation and its capacity of 
neuroenhancement

?

„Practically no 
intervention in the
structure or
functioning of the
human brain can be
undertaken in 
complete certainty
that it will not affect
mental processes,…“

Merkel et al. 2007



Enhancing side effects of STN-DBS: 
Case report III

“This has been the best adjustment of 
my life.”



Enhancing side effects of STN-DBS: 
Case report IV

“When I turned on the device after such a long time, I 
immediately felt somewhat of a jar.  Everything went 
dark, I felt dizzy, and I was unable to speak. After 
several minutes, I gradually got better and my 
condition normalized. Concerning the sensation: my 
general condition quickly improved and my endurance 
got much better and get this, my mind made a quick 
jump into the positive, like I would have never 
imagined before. In this situation, we can certainly 
debate if and how much the procedure changes 
personality and how far it even changes character 
traits. However, the fact of the matter for me is this: I 
feel much better, yes I feel good. If my personality 
did in fact change, I think I will cope.”



DBS and emotional enhancement

� Emotional enhancement as a side
effect of DBS in established
indications:

� How should we deal with?

� need of criteria



DBS and enhancement

� Enhancement by DBS as a future
scenario: 

� What seems to be feasible?
� enhancing mood?

� enhancing cognition?

� enhancing body shape?

� enhancing ?



Case report: Treatment of obesity
led to memory enhancement



Case report: Treatment of obesity
led to memory enhancement



Deep Brain Stimulation and Human 
Enhancement: future prospect

?!


