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Essential Tremor

• Benign tremor, familial tremor, 
idiopathic tremor, intention tremor

• Affects over 10 million Americans

• Middle or later years, progressive

• Meds: Propanolol, primidone, 
gabapentin
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Parkinson’s Disease

• “Paralysis agitans”, described by James 
Parkinson in 1817

• Affects > 1 million Americans

• Michael J. Fox, Muhammad Ali

• Resting tremor, bradykinesia, rigidity, 
stooped posture, progressive

• Meds: dopamine replacement/agonists
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Surgical treatment of tremor

• 1817: Tremor improved after 
hemiparetic stroke (Parkinson)

• 1890: Removal motor cortex
• 1912: Cutting nerve roots
• 1937: Premotor cortex, brainstem, 

spinal cord

• 1948 – 1960: 6000 lesions for 
movement disorder

• 1952: Irving Cooper, accidental 
stroke

Temel, Yasin, et al., eds. Fundamentals and Clinics of 
Deep Brain Stimulation: An Interdisciplinary 
Approach. Springer Nature, 2020.
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Irving Cooper

• Anterior choroidal artery stroke

• Reduction in motor symptoms
• Tremor relief
• No paralysis
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Basis of procedural treatments

Duma, Christopher M., et al. "Gamma knife radiosurgery for 
thalamotomy in parkinsonian tremor: a five-year 
experience." Journal of neurosurgery 88.6 (1998): 
1044-1049.

Kim, M. C., et al. "Vim thalamotomy for Holmes' 
tremor secondary to midbrain tumour." 
Journal of Neurology, Neurosurgery & 
Psychiatry 73.4 (2002): 453-455.

Honey, Christopher, R. E. Gross, and A. M. 
Lozano. "New developments in the surgery 
for Parkinson's disease." Canadian journal 
of neurological sciences 26.S2 (1999): S45-
S52.
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“Sooner or later, everything old is new again.”

1974 2013



11

Efficacy of Lesion vs Stimulation

“This meta-analysis showed 

that [lesion] and DBS were 

equally effective in tremor 

control.”

“We found no differences in 

quality of life, cognitive, or 

neuropsychiatric function 

between the 2 treatments.”
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Procedural Treatments

Radiofrequen

cy

Ablation

Deep Brain 

Stimulation

Gamma Knife Focused 

Ultrasound

Procedure Invasive Invasive Non-invasive Non-invasive

Procedural 

Risk

Moderate Moderate Low Low

Outcomes Good Excellent Acceptable Excellent

Side effects Moderate Minimal Severe Minimal

Laterality Unilateral Bilateral Bilateral Bilateral 

(9 months)

Time to benefit Immediate 1-3 months 3-6 months Immediate
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Benefits of Focused Ultrasound

• Minimally invasive
• No anesthesia
• No incisions
• Home the same day

• Age and medical problems less limiting
• One-time treatment
• No implants
• Immediate improvement in quality of life
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2016

FDA approval 

for VIM for ET

2018

FDA approval for 

VIM for PD

2021

FDA approval 

for pallidotomy

2005

First brain 

treatment with

intact skull

FDA approval 

for bilateral VIM

2022

Focused Ultrasound Timeline

2025

FDA approval 

for bilateral PTT
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Focused Ultrasound: 1024 Ultrasonic Beams
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Who can get FUS thalamotomy?

• Patients with disabling/debilitating tremor from:

• Essential Tremor (ET)
or

• Tremor-Dominant Parkinson’s Disease (TDPD)

• Medications ineffective
• Able to get MRI
• Willing to shave head
• Skull density ratio > 0.35
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Skull Density Ratio (SDR)

• Density of cancellous:cortical bone

• Acceptable: > 0.4
• Ideal: > 0.5
• Lowest treated: 0.33

• Low SDR:
• Dispersal of energy
• Less efficacy
• More side effects
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Sonication efficiency

• Efficiency – C / kJ
• Heat produced / energy input

• More sonications = more energy
• More energy =

More pain
More thermal spread
More side effects

So work efficiently!
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Essential Tremor
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Essential Tremor Outcomes

• Tremor relief at 5 years: 73% tremor improvement (CRST)

• Short-term adverse effects:
• Headache: 51%
• Numbness/tingling: 33%
• Gait/imbalance: 26%

• Long-term adverse effects:
• No severe long-term adverse effects
• Mild/moderate adverse effects: 

• Numbness /tingling (10%)
• Imbalance/gait difficulty (5%)
• Weakness (2%)
• Lack of coordination (3%)

DBS randomized trial, NEJM 2006:
• 13% serious adverse effects
• 64% any adverse effects
• 1 death
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What is this target?

• Thalamus
• Sensory (and motor) relay

• Ventral intermediate nucleus (VIM)

• Contains neurons and fibers
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Open questions

• VIM: a key relay or the primary site?

• Mechanism of improvement?
• DBS and lesion similar

• Pathogenesis of tremor
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Targeting VIM: neurons vs fibers?

Milosevic, Luka, et al. "Physiological mechanisms of 
thalamic ventral intermediate nucleus 
stimulation for tremor suppression." Brain 141.7 
(2018): 2142-2155.

HAND MOVEMENT 
(TREMOR)

NEURONAL ACTIVITY
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Targeting VIM: neurons vs fibers?

van Baarsen, Kirsten, et al. "Tractography 
demonstrates dentate-rubro-thalamic tract 
disruption in an adult with cerebellar mutism." 
The Cerebellum 12 (2013): 617-622.
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Targeting DRRT improves outcomes

• FGATIR: white-matter null 
MRI sequence

Cahill et al, JNS 2026
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Direct targeting DRRT improves outcomes

Cahill et al, JNS 2026



Measuring tremor

7:00 am



Progression of improvement
8:15 am

8:18 am 8:20 am 8:25 am 8:30 am

7:00 am 7:45 am 8:00 am
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Objective tremor measurement

• Numerous attempts to quantify and categorize tremor
• We use a pen-mounted accelerometer with a tablet

• Higher accuracy
• More sensitive detection
• Objective improvement

Toader et al, JNS 2026
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Objective tremor measurement

Toader et al, JNS 2026
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Objective tremor measurement

Toader et al, JNS 2026
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Bilateral FUS thalamotomy

• Preliminary trial (2021): 10 patients
• All had significant improvement in tremor
• 7 patients with mild adverse effects

• Pivotal follow-up, 51 patients/7 centers
• Approved 2022, wait 9 months between sides

• Exclude dysarthria, dysphagia, caution with PD
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Bilateral FUS thalamotomy

• Tremor/Motor Function - CRST Parts A+B
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Bilateral FUS thalamotomy

Adverse Events 

85% mild

15% moderate

2% severe

Prevalence Ongoing >6M

Study 1:

Unilateral 

cohort

Study 2:

Contralateral 

cohort

Gait disturbance / Ataxia / Imbalance) 7 (13%) 13 (25%)

Dysarthria 1 (2%) 8 (16%)

Taste Disturbance    

(Dysgeusia/Hypogeusia)
2 (4%) 11 (22%)

Sensory 

Deficits (Paresthesia / Numbness)
11 (20%) 9 (18%)

Dysphagia 1 (2%) 3 (6%)
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Example case: 

• 58 year old man

• Metal fabricator, forced 
to retire

• Primidone & propranolol 
no longer effective
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Example case:

• Uncomplicated left FUS thalamotomy
• Transient gait/balance issues, resolved by 3 months
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Example case:

1 year later, MRI for evaluation of contralateral treatment 
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ET example case

Media release on file
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Parkinson’s Disease

• VIM thalamotomy

• Pallidotomy

• Pallidothalamic tractotomy
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VIM for Tremor Dominant PD (TDPD)

• 29 patients, 16 months follow-up

• 93% had immediate improvement
• 63% sustained improvement
• 17% had full tremor recurrence

• 38% had side effects (mostly mild)

• 69% had quality of life improvement

Neurosurgery, 2023
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Pallidotomy (GPi)

• 94 patients (Randomized, 68 FUS, 24 sham)

• Adverse events:
• Dysarthria (2x)
• Gait disturbance (2x)
• Loss of taste (2x)
• Visual disturbance (1x)
• Headache, nausea

• OHSU experience: cannot achieve temperature
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What is the Pallidothalmic Tract

• Outflow from GPi to STN

• Fields of Forrel

• Thalamic fasciculus (H1) and 
lenticular fasciculus (H2)

• Zona incerta

• Ventral oralis anterior (Voa)?

• Subthalamic nucleus?

• Multiple small cases studies, positive 
results

• PTT for PD FDA approved 2025
Chen et al, Eur J Neurology, 2025

Gallay et al, Frontiers in Neurology, 2021
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Pivot Trial: Staged, bilateral PTT

Dalvi, Lancet, 2026

• 54 patients, 9 centers

• Unilateral treatment:

• 39% acute adverse effects, 2% 
persistent

• Bilateral treatment:

• 40 patients with bilateral

• 55% acute adverse effects, 25% had 
persistent moderate/severe (speech, 
gait, balance)

• 1 patient with anarthria

• 33 to 21 points (MDS-UPDRS III)

• 32% improvement
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Dual target: VIM + PTT

• VIM alone for PD: 

• Recurrence is common

• PTT alone for PD:

• Good improvement 
rigidity/bradykinesia, less 
so tremor

• Combined VIM/PTT
Chen et al, World Neurosurgery, 2022
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Example case

Media release on file
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Questions?

clearyd@ohsu.edu


