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The Resurgence of Ultrasound  

Å Ultrasound is not just imaging in medical 
applications 

Å Therapeutic ultrasound: 
ï Low power drug delivery: Transdermal, brain, 
ƻŎǳƭŀǊΧ 

ï Low power physiotherapy: Tendinitis, arthritis, 
ƳǳǎŎƭŜ ǇŀƛƴΧ 

 
ïMedium power drug delivery: Cellular DNA 

transfectionΣ ǾŀŎŎƛƴŀǘƛƻƴΧΦ 
ïMedium power Physiotherapy: Bone 
ǊŜƎŜƴŜǊŀǘƛƻƴΣ ŎŀǊǘƛƭŀƎŜ ǎǘƛƳǳƭŀǘƛƻƴΧ 
 

ïHigh power: Thermal ablation of tumors, bone 
ŎǳǘǘƛƴƎΣ ǾŜƛƴ ŀōƭŀǘƛƻƴΧ 
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The Problem with Ultrasound Tech. 

ωSquare wave or sinusoid  

ωHigh voltage amplification  

ω50ʍ output impedance  

ωCost $15-$45k 

ωProduce high power using impedance matching  

Radio 
frequency 
amplifier 

ωSquare wave  

ωHigh voltage amplification  

ω50ʍ output impedance 

ωCost $2-$5k 

ωProduce high power using impedance matching  

Class-D 
amplifier  18 x 12 x 20 inch in size 
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The Solution 

Lewis et al. Rev. Sci. Inst. 2008, Lewis et al.  J. Acous. Soc. Am.  2009 
and Lewis et al. Rev Sci Inst. 2009, Lewis et al. Patent Application No. PCT/US2009/50297  
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So Now What? 

Lewis et al. Rev. Sci. Inst. 2008, Lewis et al.  J. Acous. Soc. Am.  2009 
and Lewis et al. Rev Sci Inst. 2009, Lewis et al. Patent Application No. PCT/US2009/50297  

Power output from a ¾ inch 1.5 MHz PZT 
transducer 

Power output from a 1.5 inch 1.5 MHz 
PZT transducer 

Traditional Traditional 
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Non-invasive Venus Ablation 

Diagrammatic representation of ultrasound system and transducer 
probe. The shorter the transducer standoff, the deeper the ultrasonic 
energy penetration and focal ablation region; the longer the standoff 
the less penetration of energy. 

Henderson, Lewis et al. J. Vas. Surg. 2009, 

Å Varicose veins are dilated, tortuous 
superficial veins of the lower extremities. 
 
Å Approximately 30 million Americans are 
affected by this condition, women are affected 
more frequently than men. 
 
Å Treatment options: Life style change, 
Sclerotherapy, Endovenous thermal ablation . 
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High Power Focused Ultrasound 

Hematoxylin and eosin staining (40x magnification). Section of 
vein that had not been treated with UVA (left) and that which 
had been treated with UVA (right). 

Henderson, Lewis et al. J. Vas. Surg. 2009, 

Å  Statistically significant p<0.001 
Å  30 second treatment time 
Å  230 W/cm2 
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Next Steps in Venus Ablation 

Understand the mechanisms 
using microscopy  

Combine ultrasound imaging to help  
target surgery location 
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2nd Application: Brain Drug Delivery 

Å Target brain cancer 

ï Leading cause of cancer related  
death for patients under 35 

ï Survival is very poor 

Å Reason: It is hard for the clinicians 
to remove all the brain cancer 
cells. 

Å Many treatments have been 
proposed 

ï Direct drug injection (CED) 

ï Drug eluting wafers 

ï/ƘŜƳƻΣ ǊŀŘƛŀǘƛƻƴΣ ŜǘŎΧΧΧΦ 
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¦ǎƛƴƎ ¦ƭǘǊŀǎƻǳƴŘ ²Ŝ IŀǾŜΧ  

Lewis et al. IEEE LISA 2007, Lewis et al. J. Acous. Am. 2008,  
Lewis et al. Ther. Ultras. Symp. 2009, Lewis et al. In prep. 2009 

Diffusion of 
Drug 

Convection 
of Drug 

Ultrasound 
Enhanced 
Diffusion 

Ultrasound 
Enhanced 

Convection 

Å Studied the effect of  
ultrasound on drug transport 
Å In vitro 
Å Ultrasound always works 
Å 5 to 8 times increase 
in penetration 
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But How Does It Work In Vivo? 

Lewis et al. In prep. 2009 

1. First we design a  
Transducer Cannula 
 Assembly (TCA) 
 
2. Then we calibrate it 

3.  Attach the TCA to a ultrasound device 
 
4. And use it 
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And The In Vivo Results 

Control CED 

Experimental UCED 

For the ten animals studied p<0.001 
5 to 8 times greater penetration with ultrasound 

Right Brain Right Brain 
Caudate 

Å 30 min treatment time 
Å 600mW/cm2  
Å 0.5uL per min infusion 

Lewis et al. In prep. 2009 


