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Indications for DBS for Movement Disorders

Standard “on label” indications

• Parkinson’s disease
• Tremor dominant

• Rigid-akinetic

• Essential tremor

• Isolated dystonia
• Under a “humanitarian device 

exemption” – your hospital may 
require your IRB to review the 
indication and your planned use

Off label, rarer indications

• Acquired dystonias

• Post stroke tremor

• Orthostatic tremor

• Tourette’s syndrome

• Myoclonus



Most disorders treatable by DBS have multiple 
brain targets (sometimes >5)

Indicates that these are 
disorders of brain networks



Modulation of a single brain target may improve MANY motor 
signs in many movement disorders

Globus pallidus target

• Parkinson’s disease “off” motor signs

• Parkinson’s disease “on” dyskinesia

• Isolated dystonia

• Chorea in Huntington’s disease

• Holmes’ tremor

• Tics in Tourette’s syndrome

How can same therapy at same stimulation settings improve so many conditions? 



Surgical outcomes of DBS for PD: 
uncontrolled and controlled studies

From Krack P et al, Movement Disorders 2019

Subsequent to this 
review: Vitek J et al, 
Lancet Neurology
Active DBS vs a sham 
control group 
(INTREPID study) 
160 patients 
randomized

Active group: on time 
without dyskinesia 
increased by 3 hours
UPDRS III off med 
improved 42%



Long term results of DBS in PD

• Remains effective for tremor, rigidity, dystonia, limb bradykinesia, 
dyskinesia,  and motor fluctuations at 5 years; probably also at 10 but with 
some decline in benefit 

• The debilitating signs/symptoms that “escape” DBS
• Cognitive decline
• Balance and on-period freezing
• hypophonia

Limousin and Foltynie, Nature Reviews Neurology 2019



Target choice in DBS for PD
• Motor benefit of STN and GPi DBS shown to be equivalent in 2 of 3 large 

randomized studies

• The status of nonmotor circuits may dictate target choice

• Gpi-DBS may be better tolerated in patients with depression (Follett)

• Gpi –DBS may have less cognitive sequelae (visuomotor processing speed 
(Follett) and verbal fluency (Okun, unilat stim)

• STN-DBS may be preferable where more medication reduction is needed

NEJM 2010: 316 patients Annals of Neurology, 2009: 56 patients

Lancet Neurology, 2013, 128 patients



PD: how soon should you offer surgery_
• Two ongoing trials are examining the benefits of DBS  at “earlier” stages of PD

252 patients with PD and  early motor 
fluctuations  randomly  assigned to 
bilateral STN DBS or best medical therapy 
for 2 years.  Primary outcome measure 
was a quality of life index, which strongly 
favored the surgical group.  Mean disease 
duration of 7 years, 5 years less than most 
other major studies

In our practice: recommend surgery at the onset of 
significant disability

28 patients randomized to early surgery or medical therapy
Patient group: medication duration 6 months to 4 years, 
without dyskinesia or other motor fluctuations)
Surgery group: on less levodopa, and had less tremor than 
medical group



What about lesioning surgery for PD?

• Pallidotomy is an evidence-based option
• For persons who aren’t candidates for DBS

• High infection risk or prior hardware erosions

• Patients not able to comply the complexity of having and utilizing DBS

• Who have asymmetric motor signs

• It’s a technically difficult surgery to do correctly

• If current studies of focused ultrasound pallidotomy show feasibility, this 
procedure will be discussed more

Annals of Neurology 2002
32% improvement in UPDRS-III 
off med score at 6 months 
after UNILATERAL lesion



Decision-making in DBS for PD in your patient 
conference
• Do you recommend surgical therapy-do benefits outweigh risks?
• Target choice
• Surgical methods

• Awake vs asleep
• Staged bilateral surgery vs simultaneous bilateral
• Would lesioning serve this patient better?

• What device? Three companies market DBS in the USA
• Rechargeable versus nonrechargeable
• Particular features offered by different makers

• Sensing enabled? Programming over the phone? Wider choice of stimulation patterns?

• The “borderline surgical candidate” – what to do
• Management varies widely between centers



Pallidal DBS in isolated dystonia in adults: 
Class I evidence

• Vidailhet et al: NEJM 2005 – 22 patients with double blinded 
evaluations at 3 months, 55% improvement in BFMDRS compared to 
baseline.  

• Kupsch A et al, NEJM 2006 – 40 patient received DBS or “sham 
stimulation” for first 3 months post surgical implantation.  
Stimulation group had a 16 point improvement (39%) in BFMDRS 
versus 1 point in the sham group



DBS for isolated dystonia in children

Asleep DBS in interventional MRI
From Starr/Ostrem JNS Pediatrics 2014

Some points to remember
-genotype and symptom duration influence  outcome
-there can be delayed progression in adulthood after many years of DBS 



Limitations of GPi Target in Dystonia

• Non-responder rate as high at 20%

• Slow response to stimulation

– Programming can take months to optimize

• Can require high energy settings for desired benefit 

– Frequent battery changes / more frequent recharging

• Development of stimulation induced bradykinesia
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Improvement (36mo)
BFMDRS m - 69.5%
TWSTRS t - 66.6%



Dystonia: targets and long term outcomes

• Multiple small series of STN vs GPi DBS for isolated dystonia show 
minimal difference in outcomes between the two targets

• Hock et al 2022 Parkinsonism and Related Disorders – 14 patients Gpi AND

• Schjerling et al J Neurosurg 2013 – 12 patients Gpi AND STN

• Liu et al World Neurosurgery 2019 - 8 patients Gpi AND STN

• Lin et al J Neurosurg 2019 – 30 patients – Gpi OR STN

• Long term 8-10 years: most studies show persistent improvement 
compared to baseline, of 35-45% in BFMDRS

• Childhood onset dystonias treated in childhood – there an be late 
progression in adulthood



Surgery for Essential tremor-long term 
outcomes and contemporary issues
• Prospective multicenter trials that include only ET

• There aren’t many
• Wharen RE/Ostrem JE Parkinsonism Related Disord 2017

• 76 patients at 12 centers had blinded video ratings that showed  60% improvement in target limb tremor 
rating scale (TRS) score in the arm contralateral to DBS (60% ) at 6 months

• Outcomes of lesioning
• The fairly new “incisionless” technique of FUS lesioning: rediscovery of the effectiveness of 

thalamotomy in ET
• Elias J et al NEJM 2016: 76 patients in sham-controlled randomized trial:  lesion group 

improved 47% in contralateral tremor scores at 3 months 

• Surgical targeting for DBS
• where is the best target? VIM or posterior subthalamic area (PSA)

• What to do about patients who become resistant to therapeutic effects of DBS 
long-term?

• Often severe proximal tremors component, may have gait disorder
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The goals of movement disorders surgery:
1)put the lead accurately (within 1 mm) of the “right spot”
2) Cause minimal morbidity

There are many methods to do this



Much literature on identifying probabilistic “sweet 
spots” for optimal anatomic location of active contact

Annals of Neurology 2019
Four published sweet spots compared
In coronal plane



Surgical complications producing long term 
morbidity or unanticipated repeat surgeries
• Most severe: symptomatic intracranial hemorrhage (2% in large controlled trials)

• Most common major complication: perioperative hardware infection requiring 
hardware removal (4% in large controlled trials)

• Usually first 3 months but may be longer

• Lead migration and lead fracture 
• Becoming less frequent with big improvements in hardware.

• Long-term: erosion of DBS hardware with secondary colonization/infection 
(requires removal)



Early postoperative management may be 
complicated after simultaneous bilateral implants

• Symptomatic lead edema 5-10% of bilateral implants

• Peaks at day 2-7 and can persist for days-weeks

• Case example:

• 49 year old otherwise healthy PD patient had 
bilateral STN DBS, awake, single MER pass each 
side

• Postop day 1: no new deficits, no more off time, 
felt well, wanted to leave hospital 

• Postop day 2: word finding problems, disoriented, 
and more dyskinetic than preop, medications 
lowered

• Postop day 3 – severe off periods on lower 
medication



How does DBS work?



Original theory that led to the introduction of basal ganglia DBS for PD: the “rate 
model” of parkinsonian akinesia

Science, 1990



However: 
• Rate Model is inconsistent with the observed physiology of DBS : does not inactivate 

the outflow pathways from the target structure; indeed DBS may drive these pathways

• Did not explain relief of any motor signs in any disorders other than 
akinesia/bradykinesia in PD

?



Seminal observation made 20 years ago that launched 
the “oscillatory synchronization” model of movement 
disorders

100 ms

10 mV

Brown y Williams, Clin 

Neurophys 2005

Experiments done with externalized leads, 

in early postoperative period, at rest
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New pathophysiological model of movement 
disorders

• Normal movement requires a balance between low frequency “antikinetic” 
rhythms and higher frequency “prokinetic” rhythms

• Specific motor signs are due to exaggerated oscillatory synchronization in 
specific frequencies

• Surgical therapy and levodopa act by reducing excessive low frequency 
synchronization and promoting high frequency synchronization
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Some implications of this model

• Movement disorders are now “physiological disorders”

• Newly available DBS devices reflect this change by incorporating 
chronic brain sensing

• Like epilepsy fellowships, movement disorders fellowships must 
now train clinicians to read and interpret physiological signals

– Brain physiology may be used to facilitate programming
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Enjoy the course!


