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Medical Ultrasound for Brain 
Drug Delivery and 
Rehabilitation Medicine 
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I.   Research Motivation 

Å Ultrasound physics in medicine and biology 

II. Improving Convection Enhanced        
Delivery 

Å Ultrasound-assisted drug delivery 

Å Engineering novel ultrasound systems 

Å In vitro to in vivo 

III. Pocket-sized Pain and Healing Devices 

ÅPharmaceutical free therapy 

IV. Past, Present and Future Pathway 



Slide 4 

Ultrasonic 
scalpel 

Fat removal 

Imaging 

Non-invasive 
Ablation 

Drug Delivery 

Physical 
Therapy 

ω Ultrasound has been used for 60+ years 
ω The multiplicity of ultrasound interactions 
ǿƛǘƘ ǘƛǎǎǳŜǎΧ 
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Diagnostic vs. Therapeutic 
Å  Diagnostic ultrasound  

Å Short pulses or bursts 

Å  Measure reflections and/or 
propagation of the wave 

Å Therapeutic ultrasound 

Å Long bursts or continuous  

Å Interaction of waves and tissue 
provides therapeutic effect 

ωHigh 
Intensity 

ωLow to 
Medium 

ωMedium 
to High 

ωLow 
Intensity  

Stimulation of 
bone, cell, skin 

and etc. 

30-500 mW/cm2 

Membrane 
disruption, drug 

delivery, 
cavitation 

4-50 W/cm2  

 

Tissue ablation 
and liquefaction, 

lithotripsy 

50-5000+ W/cm2  

Physiotherapy 
and rehabilitation 

0.5-4 W/cm2 

Wu J & Nyborg W. (2006) Emerging therapeutic ultrasound.  World Science 
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Ultrasonic Frequency (f) 

Å The vibrating rate (vibrations per unit time), in Hertz (Hz). 

Speed of Ultrasound (c) 

Å Related to the elasticity and density of the tissue 

Wavelength (˂ ) 

Å Related the speed and frequency 

Absorbance and Dispersion 

Å Related the frequency and material properties 

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

Åh  = absorbance coefficient, a function of frequency 
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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   

Goss SA, Johnston RL & Dunn F. (1980). Compilation of empirical 
ultrasonic properties of mammalian tissues. II. J. Acoust. Soc. Am., 
68(1), 93ς108. 
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Reflection and Refraction 

ÅDependent on impedance (Z) 

Acoustic Force 

Å Acoustic waves apply a force (F) on the surface they 
are reflected from and/or absorbed 

Å Acoustic streaming 

Cavitation 

Å Stable cavitation continuous oscillation of bubbles 
in response to an oscillating pressure field 

ÅInertial cavitation active oscillation until the bubble 
reaches a resonant radius where it rapidly expands 
and then violently collapses  

Mitragotri, S. (2005). Healing sound: The use of ultrasound in drug 
delivery and other therapeutic applications. Nat. Rev. Drug Discov., 4, 
255ς260.  
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Mechanical Index 

Å Measures the likelihood of mechanical damage do to cavitation 

 

 

 

Thermal Index 

Å Measures the likelihood of thermal damage due to ultrasound absorption 

ÅTI is defined as the ratio of the emitted acoustic power to the power required to raise 
the temperature of tissue by 1oC 

 

 

 

*FDA regulatory guidelines:  

ÅOphthalmic applications: MI should not exceed 0.2 

ÅDiagnostic obstetrics application: MI should not exceed 1.9 

ÅTherapeutic applications: TIôs over 6 require further explanation and safety 

analysis  
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FDA current guidelines to ultrasound devices and manufactures,  and 
current standards developed from the American Institute of 
Ultrasound in Medicine 
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I.   Research Motivation 

Å Ultrasound physics in medicine and biology 

II. Improving Convection Enhanced  

       Delivery 

Å  Ultrasound-assisted drug delivery 

Å Engineering novel ultrasound systems 

Å In vitro to in vivo 

III. Pocket-sized Pain and Healing Devices 

Å  Pharmaceutical free therapy 

IV. Past, Present and Future Pathway 

OLBRICHT Lab 
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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 
 

G.K., Jr., Olbricht, W.L. (2007). A phantom feasibility study 
of acoustic enhanced drug perfusion in neurological 
tissue. IEEE/NIH Life Science and Systems Workshop 
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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. 
 

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 

Tumor 

Tumor volume 
is calculated  

Tumor is removed 
by surgery 

Drug delivery 
implant 
Or CED The problem:  

tumor cells migrate  


