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Objectives

1. Parkinson’s disease overview

2. History of surgery for movement disorders

3. Contemporary Deep Brain Stimulation



“….this affection is distinguishable 
from tremor, by the agitation, in the 
former, occurring whilst the affected 
part is supported and unemployed … 
whilst in the latter, the tremor is 
induced immediately on bringing the 
parts into action.”
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Parkinson’s Disease – Pathology



•Bradykinesia

•AND at least one:
•Muscle rigidity
•4-6 Hz resting tremor
•Postural instability

Diagnosis:



Parkinson’s Disease – Early Symptoms

• At least 3 of the following:
• Bradykinesia (slowness) 

• Rigidity (cogwheel rigidity)

• rest tremor, 

• asymmetric onset; 

• Levodopa responsive

• No evidence of atypical parkinsonism
• Incontinence

• Early balance difficulty

• Autonomic dysfunction



• Dyskinesias: excess, uncontrolled movements that may 
develop later in disease

• Wearing off

• Dystonia: cramping of muscles (typically feet) 

• Gait problems: Shuffling, freezing

• Balance difficulties

Parkinson’s Disease – Late(r) Symptoms
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• Non-Motor

• Depression

• Anxiety

• Loss of sense of smell

• Constipation

• Sleep Disorders

• Incontinence

• Low blood pressure

• Memory problems

• Motor – not DOPA responsive
• Freezing of gait

• Postural instability

Non-motor (Non-dopamine response) Symptoms





Surgical relief of tremor at rest.
Paul Bucy. Annals of Surgery, 1945

Illustration by Percival Bailey



Pallidotomy - a famous surgical accident

… more than 10,000 cases of diverse dyskinetic 
syndromes have been studied…. Received its major 
impetus  and direction when, in 1952, during a 
craniotomy in which I planned to incise the cerebral 
peduncle, I was obliged to occlude the anterior 
choroidal artery. 

- IS Cooper 



Stereotactic surgery

JNS 1951Science 1947

• 1908  stereotaxic frame

• 1946  ‘Stereoencephalotome’

• 1957  AC-PC reference (Talairach)

• 1959  Shaltenbrand & Bailey atlas

• 1958/64 Microelectrode recordings

• 1970s  CT

• 1980s  MRI



• DBS for chronic pain (1982):   improves PD tremor 
Siegfried & Lippitz;   Benabid

• Combined (thalamotomy and stimulation) stereotactic surgery of 
the Vim thalamic nucleus for bilateral Parkinson disease

AL Benabid, et al:  Appl Neurophysiol 50:344–346, 1987

• Long term suppression of tremor by chronic stimulation of the 
Vim nucleus.

Benabid. Lancet 337:403, 1991

Origin of contemporary DBS therapy

1. ‘High’ frequency stimulation (~130 Hz) for tremor suppression 

2. Chronic stimulation with implanted devices became accepted

3. Led to the replacement of lesioning surgery



First DBS in the US 



DBS: the surgical procedure

Part 1 (awake, IV sedation)

• Frame placement 

• Burr holes

• Electrode recordings 

• Awake testing

Part 2 (General anesthesia)

• Tunnel lead extension wire(s)

• Placement of pulse generator



‘Indirect’ stereotactic targeting:   Vim thalamus

AC

PC

- Schaltenbrand-Wahren atlas



Rationale for awake surgery

- Hassler

Stimulation mapping Microelectrode recordings





Deep Brain Stimulation:  “shaping the therapy”

1. Amplitude (mA or volts)

2. Pulse width (msec)

3. Frequency (130-185 Hz)

4. Electrode configuration

– Pseudomonopolar (-)

– Bipolar   (+-)

– Guarded cathode  (+-+)



• Tremor

• Bradykinesia

• Rigidity

• Postural instability

-----------------------------

• Motor fluctuations

• Dyskinesia

DBS for Parkinson’s disease:  indications





DBS targets for Parkinson’s disease

Globus pallidus (Gpi) Subthalamic nucleus (STN)





Baseline
Off meds

6 months
Off meds, on stim

Subthalamic DBS



N = 567 electrodes

1.2% symptomatic ICH rate

0.7% permanent neuro deficit



7T MRI.  KH Lee, JNS 2010

Image-guided surgery



Rationale for image-guided DBS

• Advanced MR imaging = visualized targets 

• Awake surgery is difficult (for everyone)
• Anxiety

• Discomfort

• ‘off’ state

• Accommodate confounders:
• Device inaccuracies

• Image fusion

• MRI distortion

• Brain shift

• Anatomic vs physiologic targeting ??



Asleep, MRI-guided DBS 





Current state of movement disorder surgery

• Precise stereotactic devices  
(frame/frameless)

• Class 1 evidence for effectiveness based 
on awake DBS + MER

• MRI-based targeting 

• New technology:  multidirectional, 
rechargeable, closed-loop



directSTNAcute lead

• N=11 PD (STN);  N=2 ET (Vim)
• 3 track MER + macrostimulation testing
• Random, acute directional lead testing on most symptomatic side:

• 0⁰, 120⁰, 240⁰, omnidirectional, best direction

• Therapeutic effect = rigidity relief or good tremor suppression
• Side effects:  paresthesia, motor contraction, dysarthria

• Directional stimulation :
• Superior to omnidirectional (10/11)
• Best direction (11/11)
• Therapeutic window 41% wider
• Current threshold for therapeutic effect in best direction= 0.67mA, 43% less



Parkinson disease

Goals of treatment

1. Cure

2. Neuroprotection

3. Symptom palliation



Lang 2018

The future of PD treatment is surgery



Deep Brain Stimulation for Parkinson’s Disease

1. The patient remains awake during surgery to place the deep brain 
stimulator leads.  

• True or False? 

2. Deep brain stimulation both provides symptomatic relief and slows 
the underlying neurodegenerative process of Parkinson’s Disease.

• True or False? 


