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Abnormalities of brain activation 
in Parkinson’s disease
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Bradykinesia is related to reduced cortical 
activation pattern

SMA

Playford et al, Ann Neurol. 1992 ; Jenkins et al, Ann Neurol. 1992 

Apomorphine restores a normal activation
profile
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Righ HemiParkinson Healthy subjects

Thobois et al, Neuroreport. 2000

Motor task performed with the right / akinetic hand

Accessory motor circuits are recruited in 
early-stage PD

How DBS changes brain activation 
during motor performance in PD
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STN DBS and motor
function in PD

Cortex

Striatum

SN/ Dopamine

Thalamus

Movement

GPe

STN GPi

Mechanism of action of STN DBS 
according to the model
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Consequences of STN stimulation 
during motor execution

-Restoration of cortical deactivations
-Suppression of accessory motor pathway recruitment

Thobois et al, J Neurol. 2002

The improvement of motor function is
proportional to the increase of rCBF

Strafella et al, 2003 ; Karimi et al, 2008

Thalamus
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Increased activation of deafferented cortical areas or 
suppression of a global brain overflow ?

SMA

Payoux et al, 2004 ; Karimi et al, 2008

PPN DBS and gait disorders in PD

Stefani et al, 2007; Strafella et al, 2008; Ballanger et al, 2009; Ferraye et al, 2009
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Synthesis on the motor effects of STN DBS

• STN DBS has major effects on motor symptoms
in PD

• Consequences are task-dependent in terms of 
activation pattern 

• Overall, STN DBS tends to normalize the cortical 
activation by :

⇒ Increasing reduced cortical activity
⇒ Restoring the selectivity of brain activation

How DBS changes brain activation 
during a cognitive task in PD 
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STN stimulation influences associative circuits

Associative

Some executive

functions may be

affected by the

stimulation

• Go-No-Go

• Stroop

• Verbal fluency

Ardouin et al, 1999 ;Jahanshahi et al, 2000; Pillon et al, 2000

Random number generation task

Healthy subjects

RNG Normal counting

Dorsolateral prefrontal cortex

ACC

Temporal cortex

=> During RNG : activation of a PF-ACC network that inhibits the temporal cortex

Jahanshahi et al, Neuroimage. 2000 
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Effect of STN stimulation during RNG
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Thobois et al, JCBFM, 2007

Effect of STN DBS on verbal fluency
Inferior PF cortex

Inferior temporal cortex

STN stimulation reduces categorial
verbal fluency

Schroeder et al, 2003 ; Kalbe et al, 2009

Reductions of activation

BA 44/45
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STN stimulation, mood and 
behavior…

STN stimulation influences limbic circuits

Limbic
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Krack et al, 2001

Role of the substantia nigra ?

Bejjani et al, 1999
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Role of the OFC in facial emotions
recognition (Adolphs et al, 2002).
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Increase of brain activation during
DBS induced mania

Ulla, Thobois et al, submitted

Post-operative apathy

Prevalence of apathy after surgery

� 8.7 % before surgery
� 24.6 % at 3 years post-op 
� 17 % at 5 years postop

Funkiewiez et al, 2004 ; Krack et al, 2003; Voon et al, 2006
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Apathetic patients have more pronounced
reduced endogenous dopamine level than non 

apathetic patients in limbic areas

Thobois et al, Brain, 2010
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After methylphenidate, non apathetic patients 
release a greater amount of dopamine than

apathetic patients in limbic areas

Thobois et al, Brain, 2010
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2. tt DAergic 3. Downregulation of the
DAergic system

4. DAergic tt
Addiction

STN DBS
6. DAergic tt

7. Apathy

Toward a mechanism of apathy after
STN DBS in PD?

1. Greater mesolimbic
DAergic denervation

Conclusion

• DBS represents a unique tool to modulate in vivo 
basal ganglia circuitry

• Functional imaging is mandatory to better assess the 
consequences (expected or not) and mechanism of 
action of DBS

• The development of new targetsfor new indications
will beneficiate from functional imaging studies for 
both the understanding of the underlying disease and 
of the mechanism of action of DBS (G de la 
Tourette, depression, OCD…)
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