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JF Aubry 

▪ holds 5 patents on transcranial ultrasound focusing

▪ was the PI in a sponsored research agreement with Insightec

▪ is a member of FUSMobile’s scientific advisory board and holds 
ordinary options in the company

▪ is a co-founder of SonoMind
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Disclosure
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Fry, Ades & Fry, Science, 1958

With skull : 
defocusing

skull

No  skull: 
Good focusing

« intervening skull must be removed »

Back to the 1950s: ultrasound neurostimulation emerges (reduction of evoked potentials)
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Many TUS studies on humans

Authors Study Number Year Title
Mueller et al. 1 2014 Transcranial Focused Ultrasound Modulates Intrinsic and Evoked EEG Dynamics
Legon et al. 2 2014 Transcranial focused ultrasound modulates the activity of primary somatosensory cortex in humans

Lee et al. 3 2015 Image-Guided Transcranial Focused Ultrasound Stimulates Human Primary Somatosensory Cortex
Lee et al. 4 2016 Transcranial focused ultrasound stimulation of human primary visual cortex
Lee et al. 5 2016 Simultaneous acoustic stimulation of human primary and secondary somatosensory cortices using transcranial focused 

ultrasound

Ai et al. 6 2016 Transcranial focused ultrasound for BOLD fMRI signal modulation in humans
Legon et al 7 2018 Transcranial focused ultrasound neuromodulation of the human primary motor cortex
Legon et al. 8 2018 Neuromodulation with single‐element transcranial focused ultrasound in human thalamus

Ai et al. 9 2018 Effects of transcranial focused ultrasound on human primary motor cortex using 7T fMRI: a pilot study
Braun et al. 10 2020 Transcranial ultrasound stimulation in humans is associated with an auditory confound that can be effectively masked

Sanguinetti et al. 11 2020 Transcranial Focused Ultrasound to the Right Prefrontal Cortex Improves Mood and Alters Functional Connectivity in 
Humans

Badran et al. 12 2020 Sonication of the anterior thalamus with MRI-Guided transcranial focused ultrasound (tFUS) alters pain thresholds in 
healthy adults: A double-blind, sham-controlled study

Fine et al, 13 2020 Response inhibition is driven by top-down network mechanisms and enhanced with focused ultrasound
Fomenko et al. 14 2020 Systematic examination of low-intensity ultrasound parameters on human motor cortex excitability and behavior

Yu et al. 15 2020 Transcranial Focused Ultrasound Neuromodulation of Voluntary Movement-related Cortical Activity in Humans
Cain et al 16 2021 Real time and delayed effects of subcortical low intensity focused ultrasound
Liu et al. 17 2021 Transcranial Focused Ultrasound Enhances Sensory Discrimination Capability through Somatosensory Cortical 

Excitation

Monti et al. 18 2016 Non-Invasive Ultrasonic Thalamic Stimulation in Disorders of Consciousness after Severe Brain Injury: A First-in-Man 
Report

Brinker et al. 19 2020 Focused Ultrasound Platform for Investigating Therapeutic Neuromodulation Across the Human Hippocampus
Reznik et al. 20 2020 A double-blind pilot study of transcranial ultrasound (TUS) as a five-day intervention: TUS mitigates worry among 

depressed participants

Cain et al. 21 2021 Ultrasonic thalamic stimulation in chronic disorders of consciousness
Stern et al. 22 2020 Safety of Focused Ultrasound Neuromodulation in Humans with Temporal Lobe Epilepsy



5 Badran et al., Brain Stimulation (2020)

650kHz neurostimulation (right anterior thalamus)

measuring
sensory, pain, and 
tolerance thresholds 
to a thermal stimulus 
applied to the left 
forearm

0.57°C increase in the 

thermal pain threshold

(1.3% compared to the 

45.3°C threshold)
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Many TUS studies on humans… that neglect the effect of the skull on the acoustic beam

Authors Study Number Year Title
Mueller et al. 1 2014 Transcranial Focused Ultrasound Modulates Intrinsic and Evoked EEG Dynamics
Legon et al. 2 2014 Transcranial focused ultrasound modulates the activity of primary somatosensory cortex in humans

Lee et al. 3 2015 Image-Guided Transcranial Focused Ultrasound Stimulates Human Primary Somatosensory Cortex
Lee et al. 4 2016 Transcranial focused ultrasound stimulation of human primary visual cortex
Lee et al. 5 2016 Simultaneous acoustic stimulation of human primary and secondary somatosensory cortices using transcranial focused 

ultrasound

Ai et al. 6 2016 Transcranial focused ultrasound for BOLD fMRI signal modulation in humans
Legon et al 7 2018 Transcranial focused ultrasound neuromodulation of the human primary motor cortex
Legon et al. 8 2018 Neuromodulation with single‐element transcranial focused ultrasound in human thalamus

Ai et al. 9 2018 Effects of transcranial focused ultrasound on human primary motor cortex using 7T fMRI: a pilot study
Braun et al. 10 2020 Transcranial ultrasound stimulation in humans is associated with an auditory confound that can be effectively masked

Sanguinetti et al. 11 2020 Transcranial Focused Ultrasound to the Right Prefrontal Cortex Improves Mood and Alters Functional Connectivity in 
Humans

Badran et al. 12 2020 Sonication of the anterior thalamus with MRI-Guided transcranial focused ultrasound (tFUS) alters pain thresholds in 
healthy adults: A double-blind, sham-controlled study

Fine et al, 13 2020 Response inhibition is driven by top-down network mechanisms and enhanced with focused ultrasound
Fomenko et al. 14 2020 Systematic examination of low-intensity ultrasound parameters on human motor cortex excitability and behavior

Yu et al. 15 2020 Transcranial Focused Ultrasound Neuromodulation of Voluntary Movement-related Cortical Activity in Humans
Cain et al 16 2021 Real time and delayed effects of subcortical low intensity focused ultrasound
Liu et al. 17 2021 Transcranial Focused Ultrasound Enhances Sensory Discrimination Capability through Somatosensory Cortical 

Excitation

Monti et al. 18 2016 Non-Invasive Ultrasonic Thalamic Stimulation in Disorders of Consciousness after Severe Brain Injury: A First-in-Man 
Report

Brinker et al. 19 2020 Focused Ultrasound Platform for Investigating Therapeutic Neuromodulation Across the Human Hippocampus
Reznik et al. 20 2020 A double-blind pilot study of transcranial ultrasound (TUS) as a five-day intervention: TUS mitigates worry among 

depressed participants

Cain et al. 21 2021 Ultrasonic thalamic stimulation in chronic disorders of consciousness
Stern et al. 22 2020 Safety of Focused Ultrasound Neuromodulation in Humans with Temporal Lobe Epilepsy
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Impact of the skull on the precision of the targeting
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single-element
tissue

skull

focus

Abberration induced
by the skull

Challenge #1: focusing ultrasound waves through human skulls
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single-element
tissue

skull

focus

Abberration induced
by the skull

Challenge #1: focusing ultrasound waves through human skulls
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CT Scan 

Acoustical properties of the skull

1300

-100

Speed of sound Density Absorption

Hounsfield

Aubry JF et al, “Experimental demonstration of non invasive transskull adaptive focusing based on prior CT scans”, 

Journal of the Acoustical Society of America, 113 (1), pp 84-94, 2003.

Clement GT and Hynynen K: A non-invasive method for focusing ultrasound through the human skull. 

Phys Med Biol 47:1219–1236, 2002.
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Focusing ultrasound waves through human skulls
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Without correction With correction

Virtual point source

Kyriakou A et al. "A review of numerical and experimental compensation techniques for skull-induced phase aberrations in transcranial focused 

ultrasound." International journal of hyperthermia (2014)

Focusing ultrasound waves through human skulls

With aberration correction
• Focal spot: 1.5mm diameter 

• Focused with submillimeter accuracy 

Bancel T et al. "Comparison between ray-tracing and full-wave simulation for transcranial ultrasound focusing on a clinical system using the transfer 

matrix formalism." IEEE transactions on ultrasonics, ferroelectrics, and frequency control  (2021)



12 Treatment at la Pitié Salpêtrière hospital, Paris, France

Treatment of Essential Tremor by thermal ablation with focused ultrasound 
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Treatment of Essential Tremor by thermal ablation with focused ultrasound 

Treatment at la Pitié Salpêtrière hospital, Paris, France
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Tremor assessment during treatment 

MR magnet

Insightec 
transducer

Insightec 
Workstation

MR control room

Neurologist
asks the patient to start holding
the posture

2

Accelerometers are 

taped on the patient’s hand

Patient
starts holding the posture

3

Neurosurgeon
Presses “start sonication”
(30s delay)

1

Raw data 
treated hand

Sonication
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Effect of high intensity focused ultrasound

More than 90% reduction in tremor power

Acoustic Energy : 20 000 J
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Neuromodulation in the thalamus with Exablate Neuro

Acoustic Energy : 8 J
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Neuromodulation in the thalamus with Exablate Neuro

Acoustic Energy : 8 J

96% reduction in tremor power 

for 30min 

Bancel et al, Sustained reduction of essential tremor with low-power non-thermal transcranial focused ultrasound stimulations 
in humans, Brain Stimulation 2024
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Treatment of Essential Tremor by thermal ablation with focused ultrasound 

Treatment at la Pitié Salpêtrière hospital, Paris, France
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Neuromodulation in the thalamus with Exablate Neuro

Bancel et al, Sustained reduction of essential tremor with low-power non-thermal transcranial focused ultrasound stimulations 
in humans, Brain Stimulation 2024
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Neuromodulation in the Nuc Accumbens with Exablate Neuro

Opioids

Alcohol

Cocaine

Mahoney, James J., et al. "Low-intensity focused ultrasound targeting the nucleus 

accumbens as a potential treatment for substance use disorder: safety and feasibility 

clinical trial." Frontiers in Psychiatry 14 (2023): 1211566.
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Opioids

Alcohol
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Neuromodulation in the Nuc Accumbens with Exablate Neuro
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Neuromodulation in the Nuc Accumbens with Exablate Neuro

Opioids

Alcohol

Cocaine

Mahoney, James J., et al. "Low-intensity focused ultrasound targeting the nucleus 

accumbens as a potential treatment for substance use disorder: safety and feasibility 

clinical trial." Frontiers in Psychiatry 14 (2023): 1211566.
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Strong target engagement with aberration correction. What is the price to pay? 
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Decreasing the number of  elements from 1024 to 256

Vignon F, Aubry J-F, Tanter M, Margoum A, & Fink, M (2006).

Adaptive focusing for transcranial ultrasound imaging using dual 

arrays.  The Journal of the Acoustical Society of America

Riis, T., Feldman, D., Losser, 

A., Mickey, B., & Kubanek, J. 

(2023). Device for multifocal 

delivery of ultrasound into deep 

brain regions in humans. IEEE 

TBME

Riis, T., et al. "Noninvasive modulation of subcallosal cingulate and depression with 

focused ultrasonic waves." Biological Psychiatry (2024).
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Transcranial focusing: the next revolution 

1024-elements transducer

brain

skull

Multielement Transcranial 

Focused Ultrasound

fo
c

u
s

focus

Transcranial Focused 

Ultrasound with acoustic lens

Single-element transducer

brain

skull

focus

Single element transcranial

Focused Ultrasound 

without correction

Single-element transducer

brain

skull

focus
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1024-elements transducer

brain

skull

Multielement Transcranial 

Focused Ultrasound

fo
c

u
s

focus

Aubry et al, WO 2017001781 Patent, July 2015

Transcranial Focused 

Ultrasound with acoustic lens

acoustic 

lens

Single-element transducer

brain

skull

focus

Single element transcranial

Focused Ultrasound 

without correction

Single-element transducer

brain

skull

focus

Maimbourg et al, 3D-printed adaptive acoustic lens as a disruptive technology for transcranial ultrasound therapy using single-

element transducers, Physics in Medicine & Biology 2018

Maimbourg et al, Steering capabilities of an acoustic lens for transcranial therapy, IEEE TBME 2019

Transcranial focusing: the next revolution 
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single-element with a 61mm radius 

of curvature and a 67mm aperture 

(H101 MR, Sonic Concepts, USA) 

operated at 914kHz.

transducer

Maimbourg et al, 3D-printed adaptive acoustic lens as a disruptive technology for transcranial ultrasound therapy using single-

element transducers, Physics in Medicine & Biology 2018

Technological breakthrough: towards low cost transcranial focusing

Maimbourg et al, Steering capabilities of an acoustic lens for transcranial therapy, IEEE TBME 2019
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Maimbourg et al, 3D-printed adaptive acoustic lens as a disruptive technology for transcranial ultrasound therapy using single-

element transducers, Physics in Medicine & Biology 2018

Technological breakthrough: towards low cost transcranial focusing

Maimbourg et al, Steering capabilities of an acoustic lens for transcranial therapy, IEEE TBME 2019
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Impact of the lens on the precision of the targeting
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Impact of the lens on the precision of the targeting

Unpublished Result, Manuscript under preparation.
Comparison with measurements: 
Gimeno et al. (2019) IEEE IUS: 4.4 mm (± 3.2mm) without correction
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SonoMind

Neuronavigated, lens-based aberration correction for precise deep brain stimulation

Certified by a notified body: 
LCIE Bureau Veritas

- radiation emission
- electrostatic discharge
- RF electromagnetic fields
- leakage current
- dielectric strength test of solid insulating materials 
- excessive temperatures in the equipment
- proximity fields from RF wireless communications

Electromagnetic compatibility and electrical safety 
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SonoMind

Neuronavigated, lens-based aberration correction for precise deep brain stimulation

Mechanical safety

==> Mechanical Index < 1.9
(associated with the absence of mechanical risks 
according to standards for ultrasound imaging)
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SonoMind

Neuronavigated, lens-based aberration correction for precise deep brain stimulation

Thermal safety

Calibrated measurements in free water

==> Cranial Thermal Index < 2
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Measurements on 5 ex vivo skulls

==> Thermal Rise < 2°C
(safe according to standards for MRI and implantable 

devices)
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Regulatory requirements for human studies

Thermal safety

Calibrated measurements in free water

==> Cranial Thermal Index < 2

Measurements on 5 ex vivo skulls

==> Thermal Rise < 2°C
(safe according to standards for MRI and implantable 

devices)
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SonoMind

Neuronavigated, lens-based aberration correction for precise deep brain stimulation

On going clinical trial

on drug resistant depression

Dr M. Plaze Dr D. Attali
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Work supported by:

National Agency for Research 

ANR-10-EQPX-15
Center of excellence
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MR skull imaging correction as an alternative to CT based correction 

G. W. Miller et al, Medical physics, 2015

Photograph MR-bone imaging (UTE)
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Neuromodulation in the thalamus with Exablate Neuro

Bancel et al, Sustained reduction of essential tremor with low-power non-thermal transcranial focused ultrasound stimulations 
in humans, Brain Stimulation 2024

Responders Non-respondersNon-responders ??
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Bonus: BBB opening and neuromodulation

Non-invasive ultrasonic modulation of visual evoked response by GABA delivery through the blood brain barrier

Constans, C. et al Non-invasive ultrasonic modulation of visual evoked response by GABA delivery through the 

blood brain barrier. Journal of Controlled Release, 318, 223-231.
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Bonus: BBB opening and neuromodulation

Non-invasive ultrasonic modulation of visual evoked response by GABA delivery through the blood brain barrier

Constans, C. et al Non-invasive ultrasonic modulation of visual evoked response by GABA delivery through the 

blood brain barrier. Journal of Controlled Release, 318, 223-231.



43 Wattiez et al, Neurostimulation (2017)

Stimulation site: Frontal Eye Field

Microelectrodes recording site: Supplementary Eye Field

Neuromodulation on awake animals : microelectrodes recording
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Pouget et al, Neuronavigated Repetitive Transcranial Ultrasound Stimulation induces long-lasting and reversible effects on 

oculomotor performance in non-human primates." Frontiers in Physiology 11 (2020).

Long-lasting and reversible effects on oculomotor performance in non-human primates

Ipsi-lateral Contra-lateral
rTUS no-rTUS

(min)0 10 15 20 25 305 (min)0 10 15 20 25 305

(min)0 10 15 20 25 305 (min)0 10 15 20 25 305
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