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Ultrasound in Medicine g IriEm g L
and Biology

wUltrasound has been used for 60+ years
wThe multiplicity of ultrasound interactions
gAOK GA&&adzSax

Drug Delivery

: Ultrasonic Nor-invasive
PSS scalpel Ablation
Therapy

Fat removal
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The Landscape of Therapeutic g NS

Ultrasound

Diagnostic vsTherapeutic
A Diagnostic ultrasound

A Short pulses or bursts

A Measure reflections and/or
propagation of thewave

A Therapeutic ultrasound
A Long bursts or continuous

A Interaction of waves and tissue

provides therapeutic effect

Weill Cornell Medical College

;
w Low

Intensity

wLow to
Medium

Stimulation of
bone, cell, skin
and etc.

30-500mW/cm?

Physiotherapy
and rehabllitation

0.54 W/cn?

N
w Medium
to High
Membrane
disruption, drug
delivery,
cavitation R

4-50 W/cn?

Tissue ablation
and liquefaction,
lithotripsy

50-5000+ W/cm

b High
Intensity

J

Wu J &NyborgW. (2006) Emerging therapeutic ultrasound. World Science
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The Physics Behind Ultrasound § TOMEDE AL

Ultrasonic Frequencyf)
AThe vibratingate (vibrations per unit timp in Hertz(H2).

ARelated to the elasticity and density of the tisspie- Ultrasonic Frequencyf)
Wavelength €) A-3 MHz
ARelated the speed and frequency Speed of Ultrasoundd]
Absorbance and Dispersion [ = A1540 m/s
ARelated thefrequency and material properties WelveleRauic)
Aintensity () [W/cn?] and PressureRj [Pa] AL50.5 mm

. : Absorbance and Dispersion
A =absorbancecoefficient,a function offrequency Avalues oft @ary from one

tissue toanother
A20for bone
A1.0 forkidney
K0.94for liver

£ .85for brain
A0.63 forfat
£.0022 for water

Speed of Ultrasoundd] " For Most Human Applications
\

Goss SA, JohnstétlL& Dunn F. (1980Compilation of empirical
RS RSO ERTEIREGETS ultrasonic properties of mammalian tissues. IAdoust Soc. Am.,

68(1), 92108. Slide6
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The Physics Behind Ultrasound “

Reflection and Refraction
Mependent on impedanc&]
Acoustic Force

AAcoustic waves apply a for@® onthe surface they
are reflectedfrom and/or absorbed

AAcoustic streaming
Cavitation

AStable cavitationcontinuousoscillation of bubbles
In response to an oscillating pressdied

Anertial cavitation activeoscillationuntil the bubble
reaches a resonant radius where it rapidly expands
and then violently collapses

-

Mitragotri, S. (2005). Healing sound: The use of ultrasound in o'I‘rug

[=1-] delivery and other therapeutic applicationdat. Rev. Dru@iscoy, 4
Weill Cornell Medical College Y, P pp @ 4, ;
@524' i 550260, Slide7
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Medical Ultrasound Safety HOrEDIE s

Mechanical Index
AMeasures the likelihood of mechanical damage do to cavitation

VI
JT
Thermal Index

AMeasures the likelihood of thermal damage due to ultrasound absorption

AT1 is defined as the ratio of the emitted acoustic power to the power required to ra
the temperature of tissue b$°C PCI’
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*FDA regulatory guidelines:
AOphthalmic applications: Méhould not exceed.2
Miagnosticobstetricsapplication: Mishould not exceed 1.9

ATherapeutic application3:| 6 s over 6 require fur
analysis

FDAcurrent guidelines to ultrasound devices and manufactueasg
) Weill Cornell Medical College il standardsleveloped from the American Institute of .
Ultrasound in Medicine Slide8
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Brain Cancer PO MEDIE S

Brain Cancer and Drug Delivery

w Brain cancer is the leading cause of canc
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 S IYTe
junction

-Chemotherapy
-Biodegradable Drug Delivery

G.K., JrQlbricht W.L. (2007). A phantom feasibility study
Weill Cornell Medical College of acoustic enhanced drug perfusion in neurological .
tissue. IEEE/NIH Life Science and Systems Workshop Slide10
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Brain Cancer: Difficulty with § OMEDIE L
Glioblastoma

The problem:
tumor cells migrate

not a very effective treatm
RNt primary brain tumors or

needle to infuse drug's'|-1glr.1.1‘..|t:1t,§9~
thereby bypassing thBBB.

T, Lewis et al. IntThera Ultras 2008, Lewis et al. Am. Inst
Y Weill Cornell Medical Iy Ultras Med. 2010, Lewis et al. USPCT 2010, Lewis et al. _
/ Acous Soc. Am. 2010 Slide11




