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Å Ultrasound In Medicine and Biology 

Å  Competitive Advantage we Have 

Å  Team, Experience and Challenges to Face 

II. Innovation in Neurological Diseases  

Å In vitro to in vivo work 

Å  Translation to primate and human 

III. Impact in Improving Maternal 
Diagnostics  

Å  Design, Testing and Clinical Evaluation 

IV. Pocket-sized Pain and Healing Devices 

Å  Osteoarthritis, Tendinitis, Back Spasm and Sciatica   

V. High Power Surgical Ablation 

Å In vitro to in vivo work 

VI. Conclusions and Future Directions 
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Ultrasonic 
scalpel 

Fat removal 

Imaging 

Non-invasive 
Ablation 

Drug Delivery 

Physical 
Therapy 

ω Ultrasound has been used for 60+ years 
ω We look for solutions that may be 
implemented in 2-5 years  
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Ultrasonic Frequency (f) 

Å Defined as the vibrating rate (vibrations per unit time) and 
is measured in Hertz (Hz). 

Speed of Ultrasound (c) 

Å Related to the elasticity and density of the propagation 
medium  

Wavelength (˂ ) 

Å Related the speed and frequency 

Å Distance between  two consecutive peaks 

Absorbance and Dispersion 

Å Related the frequency and material properties 

Å Intensity (I) [W/cm2] and Pressure (P) [Pa] 

Åh  ƛǎ ǘƘŜ ŀōǎƻǊōŀƴŎŜ ŎƻŜŦŦƛŎƛŜƴǘ ǘƘŀǘ ƛǎ ŀ ŦǳƴŎǘƛƻƴ ƻŦ 
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For Most Human Applications 

Ultrasonic Frequency (f) 

Å1-3 MHz 

Speed of Ultrasound (c) 

Å 1540 m/s 

Wavelength (˂ ) 

Å 1.5-0.5 mm 

Absorbance and Dispersion 

ÅValues of  h Ω vary from one 
tissue to another 

Å 20 for bone 

Å 1.0 for kidney 

Å0.94 for liver 

Å0.85 for brain 

Å 0.63 for fat 

Å0.0022 for water   
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The Ultrasound System 

1. Power supply 

2. Electrical signal generator 

3. Cable 

4. Transducer 
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Point 1. Current Ultrasound Devices Are Not  
Ergonomic 

ÅThe patient or doctor must manipulate the 
device 

ÅMust use ultrasound gel  
 

Point 2. Current Ultrasound Devices Are Not  
Efficient 

ÅPower is lost in the AD/DC conversion 

ÅPower is lost in the electronic driver 

ÅPower is lost in the cable 

ÅPower is lost in the transducer  
 

Point 3. These Large Devices Require  Active 
Involvement 

The Power Tree 

100% 

90% 

45% 

41% 

30% 

90% efficient 

50% efficient 

90% efficient 

75% efficient 
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ω Motivated by clinical problems 
ω Ultrasound systems that are fully integrated 

1.5 MHz Transducer 
20 mm Diameter 1.5 MHz Transducer 

38 mm Diameter 

Our Technology has VERY Low 
Impedance 

ÅElectronically we are 
99% efficient 

Lewis et al. Rev. Sci. Inst. 2008, Lewis et al. J. Acoust. Soc. 
Am. 2009, Lewis et al. USPTC 2010, Lewis et al. Rev. Sci. 
Inst. 2010 
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CLINICAL 
Brain: Susan Pannullo and Mark Souweidane  
Vein: Jason Spector and Peter Henderson 
Pain: Cary Reid, Ralf Ortiz, Dan Agnese and 
Thelma Melinz 
Fetal : Dr. Steve Gelber 
 
RESEARCH 
Brain:  Bill Olbricht, Zach Schulz, Sabrina Guarino, 
Allison Jagoe, Brian Aguilare, Saran Baskaran 
Fetal: Daniel Currie, Sarah Wheeling and Pooja 
Umesh  
Pain: Harrison Tsai,Jarvis C. Veira 
Andrea Mayer, Sarah Wilson, Dina Gianchandani 
and Apeksha Shapeti 

GOOGLE Group: 
Ultrasound Rules 
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Ultrasound Transducer Cannula 
Assembly 
Å Infuse tracers into caudate 
Å Ultrasound applied on the surface 
of brain 
Å Apply ultrasound 0-1000mW/cm2 

Å  Study tracer distribution in the 
brain 

Ultrasound Needle Hydrophone 
Å Use principles of time-reversal 
acoustics to deliver ultrasound 
Å Less invasive for clinical use 
Å Study power and pulse sequences 

Lewis et al. Int. Thera. Ultras 2008, Lewis et al. Am. Inst 
Ultras Med. 2010, Lewis et al. USPCT 2010, Lewis et al. 
Acous. Soc. Am. 2010 
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N=40 rodents 

UCED 
Å Reduces back flow of 
tracer 
Å Allows for faster infusion 
rates 
Å Improves spatial 
distribution by 2 to 6 times 


