
Neurex Symposium
10/02/2023

Focused ultrasound (FUS) and indirect 
neuromodulation

Jonathan Vappou
Robotics, Data Science and Healthcare Technologies team (RDH) 
ICube Laboratory
jvappou@unistra.fr



2Neurex Symposium
10/02/2023

Therapetic Ultrasound : Mechanisms of action

Adapted From Kieran et al., AIP Conf. Proc. 911, 185 (2007)

Thermal
- Ablation
- Mild HT

Non-Thermal
- Drug delivery (sonoporation, permeation)
- Histotripsy
- Neuromodulation
- …..
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The first therapeutic Ultrasound device: 1953

The Fry Brothers

1950s~1970s

1953
Frontal lobotomy on 20 patients
(craniotomy)

Courtesy B. Larrat, CEA/Neurospin
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Therapeutic Ultrasound Timeline

Gail Ter Haar, History of Focused Ultrasound, ISTU 2020
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Common clinical indications

Source: fusfoundation
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FUS and brain

Thermal 
Ablation

Localized drug
delivery

FUS-induced
neuromodulation

-Tremor (essential, 
Parkinsonian)
-Brain cancer

-Neurodegenerative
disorders
-Epilepsy

-Depression
…
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Thermal FUS: Transcranial approach

InSightec
Exablate
Neuro
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Videos from the FUS 
Foundation

Awake, no anesthesia

No incisions

No burr holes

No electrodes

No infection

No blood clots

No brain damage

Thermal FUS: Transcranial approach
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FUS ablation and psychiatry
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FUS ablation and psychiatry

▪ Preliminary study that illustrates feasibility and safety of the proposed
approach

▪ Encouraging clinical results (N=12)
▪ 4/16 patients excluded due to non accessibility of the target (ExAblate is

designed for targeting the thalamus)
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The challenge of treating brain diseases

Most pharmacological treatment strategies for central 
nervous system (CNS) disorders are ineffective

Blood-brain barrier (BBB)

• > 95% of drugs do not cross 
the Blood-brain barrier
(BBB).

• Global failure of 
pharmacological therapy of 
the central nervous system.
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BBB Opening using ultrasound

Brain blood barrier opening video from Queensland Brain Institute -
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BBB Opening using ultrasound

Marty et al., J Cereb Blood Flow Metab, 2012

✓ Transient and reversible
✓Highly localized
✓Safe when cavitation is properly monitored
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BBB opening: Indications (Oncology)
Courtesy B. Larrat, CEA/Neurospin
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BBB opening: Indications (Neurodegenerative diseases)

NCT04118764 Non-invasive Blood-brain Barrier 
Opening in Alzheimer's Disease 
Patients Using Focused 
Ultrasound (safety)

Columbia 
University, NYC

Neuronavigation

NCT03671889 ExAblate Blood-Brain Barrier 
(BBB) Disruption for the 
Treatment of Alzheimer's 
Disease (safety)

InSighTec, 
multicentric, USA

MR-guided

NCT03321487 Blood-Brain Barrier Opening 
Using MR-Guided Focused 
Ultrasound in Patients With 
Amyotrophic Lateral Sclerosis
(safety => BBBo in motor cortex)

InSighTec, 
Sunnybrook Health 
Science Center, 
Toronto, Canada

MR-guided

NCT04370665 Blood-Brain-Barrier Disruption 
With Cerezyme in Patient's With 
Parkinson's Disease

InSighTec, 
Sunnybrook Health 
Science Center, 
Toronto, Canada

MR-guided
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BBB opening and psychiatry?

=> Neurogenesis ?
=> Long-term changes in neural excitability?
“neuromodulatory potential of FUS-mediated BBB opening”
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BBB opening and psychiatry?

Sonicated Control Sonicated Control

With microbubbles 
(BBB open)

Without microbubbles
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Non-invasive BBB Opening using Ultrasound

InsighTech (Israel), 
ExAblate Neuro

NaviFUS (Taiwan)
Columbia University (NY, USA)

MR-guided Neuronavigation

Major challenge = BBB opening on extended volumes
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The Therasonic device

New FUS device for opening BBB, robotized, 
neuronavigated, outside MRI

Thomas et al., IEEE EMBC 2021
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The Therasonic device

New FUS device for opening BBB, robotized, 
neuronavigated, outside MRI

Volumetric BBB opening
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Thank you!

TechnoFUS joint laboratory
ICube- Image Guided Therapy
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