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I.   Research Motivation 

Å Time reversal acoustics is an ideal          
approach in certain biomedical applications 

Å Brain cancer therapy  

II. Biomedical Time Reversal            
Technology  

Å Engineering design 

Å Time reversal acoustic system for                   
brain drug delivery 

III. Preclinical Animal Evaluation 

IV. Conclusions and Future Pathway 

Presentation Overview 
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GOAL 1:  Develop a minimally invasive 
ultrasound-assisted convection enhanced 
delivery system  
Å Accurately focus 
Å Minimize adverse effects 
 
GOAL 2:  Provide spatial control of drug 
delivery  

Focusing Ultrasound in the Brain (from the outside) 
Å Focusing with a conventional phased array is 
problematic 

- Costly 
- Impedance and size mismatches  
- The skull 

Å Time Reversal Acoustics to improve the clinical 
procedure of Convection Enhanced Delivery (CED)  

 

Using the Time Reversal Approach 

Using Time Reversal Acoustics in a 

Brain Biomedical Application 
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Brain Cancer  

Brain Cancer and Drug Delivery 

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

ωFor children brain cancer is usually 
inoperable because the brain is not fully 
developed.  

ωCurrent treatments for brain cancer involve a 
combination of: 

 -Removal of the tissue 

 -Gamma knife treatment 

 -Chemotherapy 

 -Biodegradable Drug Delivery 
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Brain Cancer: Difficulty with 
Glioblastoma   
Treatments 
Å   Generally, tumors are treated with 
radiation and/or surgery.  
 
Å Chemotherapy is not used for benign tumors 
and is generally not a very effective treatment 
for most malignant primary brain tumors or 
metastatic tumors. 
 
Å Convection-enhanced Delivery (CED) uses a 
needle to infuse drugs right into the brainτ
thereby bypassing the BBB. 
 

Tumor 

Tumor volume 
is calculated  

Tumor is removed 
by surgery 

Drug delivery 
implant 
Or CED The problem:  

tumor cells migrate  We could use Time Reversal 
!ŎƻǳǎǘƛŎǎΧ  

The cannula delivering CED 
could also act as the TRA 

focusing beacon 
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Ultrasound Improves the Distribution Volume 

of Tracers 
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Lewis et al. J. Acous. Soc. Am 2009, 2010  
Lewis et al. J. Ultras Med. 2010 
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Time Reversal Technology  
for Brain Drug Delivery  

I.   Research Motivation 

Å Time reversal acoustics is an ideal          
approach in certain biomedical applications 

Å Brain cancer therapy  

II. Biomedical Time Reversal            
Technology  

Å Engineering design 

Å Time reversal acoustic system for                   
brain drug delivery 

III. Preclinical Animal Evaluation 

IV. Conclusions and Future Pathway 

Acoustical Society Meeting, Cancun 2010 



Acoustical Society Meeting, Cancun 2010 

Design of the Time Reversal Brain Drug 
Delivery System 

Power  

Amplifier 
TRA 

Electronics 

TRA 

Reverberator 

Smart NeedleTM 

Infusion Hydrophone 

Rat Skull 

Computer 
3D Motion 

system 

Animal 

Surgery 
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Time Reversal Electronics and  
Reverberator 

TRA Reverberator for Therapy 
Å Includes 18 PZT-4 elements at 1 MHz 
resonance frequency 
Å  Mounted in a semi-random configuration 
onto an aluminum standoff 
Å  The transducer tip tapers to 1 cm diameter  
to establish good contact with the intact rat 
skull  

Power Electronics 
ÅDeveloped a 10 channel ultralow 
impedance power amplifier 

Lewis et al. J. Acous. Soc. Am 2008, 
Lewis et al. Rev. Sci. Inst. 2008, 2009 

Sarvazyan USPCT 2008 
Sarvazyan et al. J. Acous. Soc. Am 2008 
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Smart NeedleTM Infusion 
Hydrophone 

Specifications of Smart NeedleTM 
Å 30 gauge 6mm infusion cannula 
Å Internal 1 MHz resonant PZT-4 crystal 
Å Stereotaxic guide arm 
Å Sensitivity of 1 V· uPa-1 

Design +/- 
Å Robust for multiple insertions into brain (+) 
Å Prone to bend damage (-) 
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Laboratory Design and Evaluation of 
Time Reversal Focusing (Rodent Skull) 

Time Reversal Focusing 
Å A focused, 8µs- 1 MHz single burst 
Å A focused sequence of 8 bursts.  

Setup 
Å Therapy transducer mounted to side of 
rodent skull 
Å Skull sides sealed and filled with water 

Smart NeedleTM 
mounted on a 3D 
motion system 

Spatial distribution of the focused 8 bursts 
sequence along X and Y directions  



Acoustical Society Meeting, Cancun 2010 

MATLABTM Based Graphical User Interface 
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TRA Transition in vivo 

TRA-CED 
Engineered 

Now Applied 
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