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Deep Brain Stimulation

Deep brain stimulation (DBS) of the 
subthalamic nucleus (STN) has become the 
most often practiced neurosurgery for 
symptomatic treatment of motor features of 
Parkinson’s disease (PD).

Most important development in the treatment 
of PD since levodopa became available.



Main Points

DBS has limitations

Other treatments for PD (potentially superior to DBS) 
are currently in the pipeline

Consequence: DBS will eventually be replaced by 
other treatments IN THE FUTURE

History supports this notion (e.g. pallidotomy)



Limitations of DBS

Non-motor symptoms typically do not respond 

Treatment-associated complications

Cost and access to the therapy

Exclusion criteria limit the therapy to few



Anosmia (loss of smell)
REM sleep behavior disorder   Pre-motor 
symptoms
Depression
Constipation
Restless leg syndrome?

Early non-motor PD features



Lemke MR, et al.. 2005. Witjas T, et al.. 2002; Adler C, 2005

Non-Motor Features of PD

Depression: 45% 
Cognitive impairment: executive 
dysfunction common; > 40% late dementia 
Sleep disorders: sleep fragmentation, 
REM-sleep behavior disorder, restless leg 
syndrome
Late autonomic dysfunction (i.e., blood 
pressure decreases when standing)







Basal Ganglia: 
Anatomy & Physiology



The Challenge: symptoms not 
responsive to current treatments

Cognitive function
Psychiatric difficulties
Bladder problems
Constipation
Sexual dysfunction
Imbalance and postural instability
Speech difficulties
Swallowing difficulties



Green  et al. 2002; Uc et al.,  2005; Athey et al., 2005; Foltynie et al., 2004 

Cognitive impairment in PD
Lead to caregiver burden and earlier 
institutionalization

Cognitive impairment may increase with disease 
duration & worsening of motor problems

Dementia may develop in > 40%

Psychiatric
Depression / Anxiety / Apathy
Hallucinations















Rothlind JC, Cockshott RW, Starr PA, Marks WJ Jr. J Int Neuropsychol Soc. 2007 
Jan;13(1):68-79

Neuropsychological Performance 
after DBS for PD

“DBS is associated with small reductions in speeded 
information processing and working memory. These 
findings are similar to deficits found to be associated 
with DBS in previous studies (Burchiel et al., 1999; 
Fields et al., 1999; Funkiewiez et al., 2004; 
Rodriguez-Oroz et al., 2005; Temel et al., 2005)”

“Even subtle decrements in speeded information 
processing and working memory may impact 
performance in complex real-world tasks”





Testing

Off Meds

Testing

Stimulators
“on” or “off”

Stimulators
“on” or “off”

PD patients with bilateral STN stimulators

Methods



Working Memory
Spatial Delayed Response Task (SDR)

delays: 0, 5 and 15 sec
cues: 1 or 2
CPT task during delay
recall error = mm

Spatial Delayed Response

Cue

Delay

Response



Response Inhibition
Go No Go (GNG)

letters and 5s presented one at a time
press button for all letters, but not for 5s
frequency of letters and 5s equal (low 
demand), or more letters than 5s (17%) 
(high demand). 
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STN stimulation increased error on high demand ( p<.05), 
but not low demand condition

Condition x demand (p<.01)
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STN stimulation decreased Pr on high demand (p=.05)
but not low demand condition.

Condition x demand (p=.07)



DBS and Suicide
Suicide risk after DBS: 0.16 % to 4.3 %
Soulas et al:  200 pts over 10 year-period

Completed suicide: 1% of patients
Attempted suicide: 2% of patients

Suicidal behavior is a potential hazard of 
DBS
Postoperative factors could include surgical 
or stimulation parameters

Moriarty J: Editorial in J Neurol Neurosurg Psychiatry. 2008 Aug;79(8):851
Soulas et al: J Neurol Neurosurg Psychiatry. 2008 Aug;79(8):952-4



DBS and Suicide
Suicide in the general population (French of 
the same age (between 45 and 74 years) :

16/100,000 for women 
37 to 50/100,000 for men

Authors’ conclusion: suicidal behaviour is a 
serious potential hazard of STN DBS

Soulas et al: J Neurol Neurosurg Psychiatry. 2008 Aug;79(8):952-4



Electrode Placement

7 patients with PD without improvement 
after DBS
The misplacement of electrodes is a possible 
explanation for suboptimal response to DBS
Average misplacement: 5.52 mm (2.89-
10.45)

Anheim et al: Arch Neurol. 2008 May;65(5):612-6







Surgery-related Limitations of DBS

Complications associated with the surgical 
procedure

Hemorrhage
Infection
Stroke
Other perioperative complications



New Treatments

Gene Therapy
Growth Factors
Spheramine
Transplantation
New “old” treatments
Neuroprotection





Gene Therapy

Candidate genes tested in PD encode:

Glutamic acid decarboxylase (into STN)

Aromatic L aminoacid decarboxylase, which 
converts L-dopa to dopamine

Neurturin, a member of the glial cell line-
derived neurotrophic factor family

Mochizuki H, Yasuda T, Mouradian MM: Neurotherapeutics. 2008 Apr;5(2):260-9





Spheramine
Active component of cultured human retinal 
pigment epithelial (hRPE) cells

Attached to an excipient part of crosslinked
porcine gelatin microcarrriers

Administered by stereotactic implantation into 
the striatum of PD patients

Immunosuppression not required
Stover NP, Watts RL: Neurotherapeutics. 2008 Apr;5(2):252-9 



Spheramine

Stover NP, Watts RL: Neurotherapeutics. 2008 Apr;5(2):252-9 



Spheramine

Stover NP, Watts RL: Neurotherapeutics. 2008 Apr;5(2):252-9 





Embryonic Stem Cells
The effectiveness of stem cells, in general, may have 
more to do with protecting and repairing the 
degenerating or injured tissue than with the actual 
replacement of cells

Stem cells may also be useful in studying the etiology 
and pathology, along with new drug treatments, in 
models of in vitro PD

It is imperative, before clinical application can be 
considered, to have the capability to predict the 
behavior of hESCs over a very long period in culture 
and after differentiation

Newman MB, Bakay RA: Neurotherapeutics. 2008 Apr;5(2):237-51RL



Neuroprotection: wash-out model
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ELLDOPA study: Neuprotective 
behavior of L-dopa

Fahn S et al, N Engl J Med 351:2498, 2004



Levodopa may be “neuroprotective”

Levodopa does not speed up progression of 
disease
Levodopa appears to have a neuroprotective 
or disease-modifying behavior

Early levodopa may provide greater long-term 
benefits than delayed levodopa



Neuroprotection: delayed-start model

Placebo

Active drug

Neuroprotective treatment

Symptomatic treatment
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Delayed-treatment design: TEMPO trial

TEMPO study, PSG. Arch Neurol 2004;61:561-566



Neuroprotection in PD

MAO-B inhibitors:
Selegiline
Rasagiline
Lazabemide

Dopaminergic medications:
CALM-PD
REAL-PET
ELLDOPA

Mitochondrial Energy Enhancement:
Coenzyme Q10
Creatine

Antiapoptotic Agents: TCH346, CEP-1347
Antiglutamatergics: riluzole



Neuroprotection in PD

Legacy of PD neuroprotection studies is a wealth of 
experience in the challenges and pitfalls of study design 
and implementation

Data from clinical trials in early PD provide an important 
resource for studying the natural history of PD and for 
designing new studies and interpreting the results of others

This information, plus experience in using different clinical 
rating and neuroimaging study outcome measures, has 
made it possible for studies to be planned with greater 
precision as to duration and numbers of subjects required.







The Future

Parkinson’s disease is a progressive neurodegenerative 
disease, impacting many systems, and likely caused by 
several factors

Nonetheless, more information, from both clinical and 
basic research is providing new insight into disease 
mechanisms and novel treatment modalities

Continued diverse and creative approaches exploring 
treatment options for PD are ongoing and are critical for 
optimizing therapies for this disease



Conclusion

DBS is an excellent treatment for DBS at 
the present time

However, new treatments (possibly 
neuroprotective) will replace DBS 

IN THE FUTURE





I wish I was wrong!
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