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Disclosures

e FUS for brain : Investigational in U.S.
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Presenter
Presentation Notes
Not FDA approved   
CE Mark in Europe
Prior Presentations:  NSA, CNS, AANS, ASSFN, European FUS symposium
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Presentation Notes
Ultrasound is generated by oscillations of pressure that travel through the media/tissue.  Higher frequencies image tissue with higher resolution, but do not transmit well through the skull.  

2.  Frictional energy is generated by the molecules as they oscillate next to each other –> heat.  This is dissipated by water.  Heat ~ pressure & frequency of the ultrasound pulse. With focused ultrasound, the pressure at the focus is 100x and so tissue ablation can be achieved. 
(Similar to RF where alternating current results in frictional energy.  Thermal dose created by FUS and RF behaves identically based on our investigations at cellular level and with MRI.) 

3.  Transcranial transmission = 90% of acoustic energy is absorbed or reflected.  Astigmatism of skull – defocusing effect.  Focusing less possible close to the skull (a limitation).  
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Production of reversible changes in the
central nervous system by ultrasound

e WIJ Fry. Science 1958
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The possibility, already realized in animals, of making reversible lesions, the effects
of which will pass off in 5-10 minutes while the patient is being observed ... it will be
relatively simple matter to change the parameters and buzz the site for the
production of an enduring lesion. It should be possible for us to report on the first

human cases at the next meeting of this society.
-- Russell Meyers at the Harvey Cushing Society, 1957
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Presentation Notes
Fry, who pioneered the concept of FUS for the brain, had already done over 300 FUS experiments in animals.  
He achieved neuromodulation of this VEP by focusing on LGB of craniectomized cat.   Complete recovery of the EP (left traces) by 30 minutes.
Meyers, Leksell, and others eventually abandoned FUS of brain bc transcranial sonication was not possible.


Focused Ultrasound
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HIFU Neuromodulation

Subject  Sonication Intraop paresthesia Adjustment (mm)
1 8 50° 1.5
3 11 ~50° 1.4
6 9 54° 1.0
8 16 46° 2.1,1.0

14 5 46° 1.0
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Presentation Notes
Clinical testing after each sonication.  No sedation.
No cases of motor or speech disturbance.
Tremor improvement tended to occur low 50s ⁰C range. 
Easiest and most sensitive to observe postural tremor in the MR environment if they have it.  In our series, postural tremor always improved prior to action.
Objective sensory measures:  Two point discrimination thumb;  toe/wrist proprioception;   pressure sensation unchanged with 5.07g monofilament




Acoustic effects at the focus

Thermal
. Frictional energy btwn molecules ~ pressure/frequency of US pulse
. Tissue ablation
Mechanical
. Sustained cavitation — microbubbles oscillate (BBB disruption)
. Inertial cavitation - microbubbles burst (Sonothrombolysis)

. Neuromodulation

HIFU > 1000 W/cm?

. can induce coagulative necrosis and cavitation

LIFU: pulsed at 30-500 mW/cm?

. Nonthermal, mechanical
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Presentation Notes
We thought that simple mechanical perturbation of neurons at low powers (that do not cause heating) would result in neuromodulation.

Ultrasound is generated by oscillations of pressure that travel through the media/tissue.
Frictional energy is generated by the molecules as they oscillate next to each other – heat.  This is dissipated by water.  Heat ~ pressure & frequency of the ultrasound pulse.  With focused ultrasound, the pressure at the focus is 100x and so tissue ablation can be achieved.

Mechnical effects: oscillation of pressure wave can extract gas from the molecules to form a microbubble.  If a certain pressure is maintained, the bubble will oscillate = sustained cavitation.  These oscillating forces on membranes can open BBB).    If the pressure increases, the microbubble will continue to grow until bursts like a balloon and collapses = inertial cavitation.  Uncontrolled shock wave although not a lot of energy - can break up blot clots, etc.  Inertial caviation is difficult to control and thus detectors have been implemented.  


LIFU Neuromodulation, cortex
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LIFU Neuromodulation

Tufail et al Rat Somatomotor Tail flick, 350 kHz 36.2 mW/cm?2
cortex whisker and
limb contraction

Yoo et al Rabbit Somatomotor Limb 690 kHz 6.3 W/cm?2
cortex contraction

King et al Mouse Somatomotor Tail flick, neck 500 kHz 0.1-100 W/cm2
cortex and hind limb
extension

Younan et al Rat Somatomotor Limb 320 kHz 7.5-17.5 W/cm?2
cortex contraction

LIFU sonication targeting the right VL thalamus
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US neuromodulation, humans

--Tyler, Nature Neuroscience 2014
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Presentation Notes
ET001 hypotheses:  Mechanical perturbation of neurons at low powers that do not create a thermal rise will elicit clinical response(s).

N20-P27 component of median SSEP was reduced with FUS to left S1 in 10 patients using transducer at similar frequency (0.5MHz), lower intensity/power, and pulsed.  Also behavioral testing revealed enhanced 2pt discrimination with FUS compared to sham.


US Neuromodulation

Advantages Disadvantages
* Transcranial * Early stage
e Noninvasive * |nvestigational

5 e Not optimized
o
eep targets e Unknowns

* Mechanism
 MRI compatible e Cortical/subcortical

» Safe (MI/TI within FDA) " Focused/Unfocused

e Spatial resolution ¥ mm




US neuromodulation:
Future indications

1. Refining stereotactic procedures

. Brain mapping

1. New targets
2. Define deep circuits

. Acute therapy: seizure/status epilepticus
(requires ‘nonfocal’ treatment)

. Chronic therapy: depression (requires long
term effects)
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