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Velocity: ~345 m/s in air, ~1500 m/s in water, ~1540 m/s in tissue, ~3000m/s bone
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I. Bone

Overview: Advantages & Limits
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Brain Imaging

Locations of major anatomical structures (e.g. midline falx,
mesencephalic brainstem, ventricle margins, etc.) can already be
accurately and precisely imaged , but only after craniotomy, or in
pediatric cranial ultrasound (cUS) through the fontanelle.

Ongoing research aims to perform equivalent imaging through the skull.
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1. Bone

Method 1: Mode Conversion
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1. Bone Method 1
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Better impedance match — less reflected energy, lowered refraction
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L Bone Method 1

Volunteer Study

Human Subject Study Comparing MR and US signals over the line shown on right
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Volunteer Study

Measurement of the the insular cortex/sylvian fissure (ICSF): US vs MRI
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Method 2: Aberration Correction
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1. Bone Method 2 1. Bone

Full Brain Tomography Method 3: The Next step...

= Diffraction tomographic approach = Replace tomography with more generalized approach

Photo Predicted with phase correction Predicted, no correction

500+ element conformal array (here, unwired)
(1MHz, 1-3 compo atching layer) (0.5 MHz, Random Fiber Composite)
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Method 3: The Next step... Focused Ultrasound Surgery
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= Full Inverse Scattering

“The devise was made in the form of
a double-deck arrangement”

“Four ultrasound beams could be
brought into coincidence to

500+ element conformal array (here, unwired) + “generalized” tomography mislies ffeezl el

G.T. Clement Inverse Problems (2014)
From: Fry et al., J Exp Med. 1956,1;104(3):337-60.
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1. Bone FUS

1. Bone FUS
A resurged interest

1991 - Magnetic Imaging Guidance and Monitoring
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2. On-line Temperature Monitoring
and Exposure Quantification

3. On-line Tissue Effect Evaluation

4. Array Control & Correction
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1. Bone E

° Focusing Through Bone

Clinical Brain System
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1. Bone FUS 1. Bone FUS
Clinical trials Transcranial US: Issues, solutions
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« Sufficient temperatures appeared possible, but somewhat limited by available power
Ongoing:
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1. Bone FUS 1. Bone FUS
Early Clinical trials Early Clinical trials
Opening the Blood Brain Barrier * Delivery of Doxil (Iiposomal doxorubicin, ratS)
+ Low-power, pulsed exposures .
« Combined with ultrasound contrast agent § 6000 =] .
(Optison, Definity) ER Contot 1
« Temporary (~hours), localized, non- k .
invasive responss raie
Trypan blue in rat
.
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Fluo_resc_ent image showing targeted
Doxil delivery to the rat brain Treat et al., Int J Cancer (2007)
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1LAir

~ Non-Contact US
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Non-Contact US
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Finally, since phantom data is often not taken seriously some data were

acquired through a hand...One measurement turned to many....
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1LAir

Next Steps...

Demonstration at 400kHz in medical (tissue) phantom

Development of sensitive receiver

Improvement of reconstruction methodology
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111 Rayleigh

Thinningblayer
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More information at
www.focused-ultrasound.org
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