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Using Time Reversal Acoustics in a
Brain Biomedical Application

GOAL 1:Develop a minimallynvasive
ultrasound-assistedconvectionenhanced
delivery system

A Accurately focus

A Minimize adverse effects

GOAL 2:Provide spatial control of drug
delivery

Focusing Ultrasound in the Brain (from the outsidg)
AFocusing with a conventional phased array is
problematic

- Costly

- Impedanceandsizemismatches

- Theskull
ATime Reversal Acoustics to improve the clinical
procedureof ConvectionEnhancedelivery(CED)

Using the Time Reversal Approach
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Brain Cancer

Brain Cancer and Drug Delivery

w Brain cancer is the leading cause of cancg
related deaths for patients under 35 years
age.

of~orchildren brain cancer is usually
inoperable because the brain is not fully
developed.

oCurrent treatments for brain cancer involve
combination of:

-Removal of the tissue

-Gamma knife treatment

junction

-Chemotherapy
-Biodegradable Drug Delivery

BIOMEDICAL ARTANN
ENGINEERING Acoustical Society Meeting, Cancun 2010 LABORATORIES




Brain Cancer: Difficulty with

Glioblastoma
The problem:
tumor cells migrate

We could use Time Reversa
' O2dzau A Oa

Thecannula delivering CED §&

could also act as the TRA
focusing beacon
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Ultrasound Improves the Distribution Volume
of Tracers

ot YFa |

CED UCED

200pm

Tracer Infusion Tracer Infusion
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Design of the Time Reversal Brain Druc
Delivery System A\

Power TRA
TRA iy S -

Electronics Amplifier Reverberator

BIOMEDICAL ARTANN
ENGINEERING Acoustical Society Meeting, Cancun 2010 LABORATORIES



Time Reversal Electronics and
Reverberator

2SS EARITRES Power Electronics

O,

Mevelopeda 10 channelultralow
impedancepower amplifier

Eh\—_/!""'_A_. A:.__ . b

J_'Hw_'\ it _%ﬂ wt s g ,_u-' ._ R s 2 Lewis et al. J\cous Soc. Am 2008,
w annd ? —— e Lewis et al. Rev. Sci. Inst. 202809

TRA Reverberator for Therapy
Alncludes 18 PZT4 elements at 1 MHz
resonancerequency
AMounted in a semirandom configuration

onto analuminumstandoff
AThe transducertip tapersto 1 cm diameter

to establishgood contact with the intact rat
skul

SarvazyatySPCZ008

- Sarvazyart al. JAcous Soc. Am 2008
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SmartNeedle'M Infusion
Hydrophone

Specifications of Smartleedle™ Design +#
A30 gaugesmm infusioncannula ARobustfor multiple insertionsinto brain (+)
Alnternall MHzresonantPZF4 crystal AProneto benddamage(-)
AStereotaxiqguidearm
ASensitivityof 1 V-uPat
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Laboratory Design and Evaluation of
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SmartNeedle™ 4 |
mounted on &3D ”
motion system

Setup
ATherapy transducer mounted to side of
rodent skull
ASkullsidessealedandfilled with water

ARTANN

LABORATORIES



MATLABMBased Graphical User Interfac
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Frequency [MHz] 1 Frequency [MHz) 1 Duration [s]
Duration [ps] 8 Bandwidth [MHz] 0.2 DT [%]
Repetition 6
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- TRATransition in vivo
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