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Objective

• Compare the potential benefits and limitations of traditional DBS compared with new 
adaptive DBS (aDBS) devices and therapies
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‘Shout out’ to the fellows



American Neurologist-Neuroscientist and Pioneer (1938-2024)



Focused Ultrasound

Where are we going?



Journal of Neurosurgery 1958

Slide provided by Jeff Elias



Acoustic Spatial Heterogeneity of the Skull

• Reflects

• Absorbs

• Scatters (acoustic beams)

• Contribute to “patient specific thermal 
responses”

• Occasional failures

Vyas, U. Med Phys 2016



Lesion or not? or sometimes? Does it matter?

Penumbra- edematous brain is dysfunctional

Permanent efficacy (can you make it large 

enough) vs. (hopefully) temporary adverse 

effects



DBS sustained 

improvement 1 year

127 patients



• Positive Trial

• Outcome was not standard ‘UPDRS’ so 
hard to compare across studies

• 30%+ Non-responders

• Questions on shape, size lesions and 
longer term follow-up

• Did not address bilateral lesions

• Lesion shape for this target



• n=16 subjects
• Increased risk of disequilibrium
• Speech dysfunction not detected 

(was tool sensitive enough?)
• 25% increase in dysgeusia incidence 

relative to unilateral





- Original cohort n= 45 
- Remaining 34; 6 experienced 
progression 
- 4/6: new 'contralateral choreic 
dyskinesia, which resolved by 3 
months.’ 
- 4 speech disturbances described 
as gradually improving, but 
persisted in 2. 
- 1 person had mild imbalance 
and dysphagia during the first 
week after treatment 
- No behavioral or cognitive 
disturbances.

2024



Binit Shah 2023 World Parkinson Congress



Binit Shah 2023 World Parkinson Congress





“The idea that such a small 
amount of electricity could have 

such a profound effect on a 
Parkinson’s disease patient 

surprised and delighted even the 
wisest of neuroscientists”  



Okun MS. 
NEJM 2014



Parkinson’s Disease
Tremor

Dyskinesia
On-off fluctuations

Levodopa responsive 
symptoms

Shortcomings
Gait

Freezing
Balance
Speech

Cognition

Pre-op Post-op

Video Series, 2015





Take a Picture After the Operation





There are complications
even at the expert centers



What will define the ‘beyond’ of 
next generation?





‘A fool with a tool is still a fool.’

- R Buckminster Fuller 
-Ron Weinstein
-Grady Booch



‘Your brain controls everything and 
we can control your brain.’ 

      
    – Foote, Okun (2012)



Plastic means ’reshape’ 
Greek πλαστική(τέχνη)
plastikē (tekhnē)

Joseph Constantine Carpue 
(1814) 
Operated on a British 
officer

Nose damage from 
treatment with mercury

Technique applied WWI soldiers



David Noonan asks in 
2014…

Why won’t people 
use 

neuromodulation to 
enhance mood, 

memory and 
neurologically based 
skills (in the future)?





We need an ethical guiding principle.

‘Apply DBS to alleviate human suffering.’



‘The best preparation for tomorrow is to do 
today's work superbly well.’

     -William Osler



‘The pleasure is 
just a push of the 
button away. Will 

you press it?’ 



Where ‘the field’ could go… 

or where the field has already gone?

Hyper and hypokinetic movement disorders (mixed)

Depression, bipolar disorder, schizophrenia, thought 
disorders

Tourette, OCD, Autism

Addictions (alcohol, recreational drugs, eating, 
impulse control disorders)



Will technology bail you out?

Shet
h



Should we apply ‘closed 
loop’ or adaptive deep 
brain stimulation for 

movement and 
neuropsychiatric 

symptoms?

Gunduz, Foote, Okun 2017



Even if we choose a ‘closed loop’ approach…

Which one? Which markers/(bio)markers?
Will it be completely adaptive or ‘build on the 

baseline?’

Almeida, Martinez-Ramirez…Okun, 2015



“There are two great days in a person's 
life - the day we are born and the day we 

discover why.”

   -William Barclay



Tourette Syndrome
“Do I have the right circuit”



It is likely that for 
some/many 

disorders/symptoms that 
as an alternative to ‘closed 
loop DBS,’ we will choose 
‘scheduled’, ‘continuous’ 

or another 
mode/waveform.



Closed Loop (adaptive) DBS: Hope/Hype or Both?





Common Scenario

NIH Brain Initiative Gunduz, Foote, et. al.



Adaptive Deep Brain Stimulation

Gunduz and Foote, NIH UH3 Brain Initiative Grant



The Human 'Tic' Detector







Is it time to more effectively use imaging to 
target?



The 'Reboot’ of a new multi-center 
depression trial will depend on it





Will ‘AI’ solve the ‘practicalities’ of patient 
selection and later management of hundreds of 

thousands of devices? 



Jill Ostrem 2023 World Parkinson Congress





How do we track diseases/symptoms 
when very few cases are being performed 

across many continents and expert 
centers?



To Improve Our 
Understanding: 

“Collect Outcomes”



9th DBS Think Tank Proceedings



Who is going to pay for the devices, battery 
replacements and maintenance/removal?

Are we doing a good job performing informed 
consent procedures?











• The Mental Health Parity and Addiction Equity Act of 2008 

• Banned the use of differential rules in the provision of mental health care

• U.S. federal mandate  large-group employer health insurance plans to 
cover mental health benefits

• Equivalent coverage for mental health and physical health treatments.

• Patient Protection and Affordable Care Act (PPACA or “ACA”) extended to

• individual and small-group plans

• Behavioral health as one of the “essential benefits”



“Science means constantly walking 
a tightrope between blind faith 

and curiosity; between expertise 
and creativity; between bias and 
openness; between experience 

and epiphany; between ambition 
and passion; and between 

arrogance and conviction – in 
short, between and old today and 

a new tomorrow.” 
    — Henrich Rohrer

Nobel Prize Winner 1986 (Swiss)
Scanning Tunneling Microscope



Mayberg, 10th 
Annual DBS 
Proceedings, 
Unpublished 
with 
permission



‘You may have 
the best 

treatment in 
the world 

however if no 
one can access 
it, how good is 

it really?’  
-Okun



What is on the horizon?



In Submission: Currie A, Wong J, Okun MS
Nature Parkinson’s Journal



In Submission: Currie A, Wong J, Okun MS
Nature Parkinson’s Journal





Cognito.org



Surface Area to Volume Ratio



Cognito.org



We are not focusing enough on ‘delivery 
systems/’



In Submission: Currie A, Wong J, Okun MS
Nature Parkinson’s Journal



In Submission: Currie A, Wong J, Okun MS
Nature Parkinson’s Journal



Greek word: 
Piezein:

to squeeze 
or press.







Innovativegenomics



Concluding Thoughts

• A deeper understanding of the ‘normal 
state’ and the ‘diseased state’ will lead to 
more efficient and improved therapies.

• We need to think about ‘combinations’ of 
therapies and technologies.

• Delivery systems will need to improve.

• There is a world beyond deep brain 
stimulation.



How does the journey end?

NY Times

Contact Information:
okun@neurology.ufl.edu

@michaelokun on ‘X’ and Instagram

mailto:okun@neurology.ufl.edu
mailto:okun@neurology.ufl.edu
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