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Ultrasound in Medicine
and Biology

wUltrasound has been used for 60+ years
wWe look for solutions that may be
implemented in 25 years

Drug Delivery

. Ultrasonic Norrinvasive
I scalpel Ablation
Therapy

Fat removal
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The Physics Behind Ultrasound i '
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Ultrasonic Frequencyf)

ADefinedas the vibrating rate (vibrations per unit time) arf
Is measured in Hertz (Hz

Speed of Ultrasoundd)

ARelated to the elasticity and density of the propagation

medium o K
Wavelength € J
ARelated the speed and frequency

C
ADistance between two consecutive peaks / = T

For Most Human Applications
Ultrasonic Frequencyf)

A-3 MHz
Speed of Ultrasoundd)

A1540 m/s
Wavelength €

A1.50.5 mm
Absorbance and Dispersion

Absorbance and Dispersion
ARelated thefrequency and material properties
Alntensity () [W/cm?] and PressureR) [Pa]
A Aa GKS oaz2zNblyOoS 0O2ST¥

Avalues ofh @ary from one
tissue toanother

A20for bone ;
AN0forkidndy - U A &
K .94for liver

£ .85for brain

A0.63 forfat

£.0022 for water

frequency T 22 P-—pe .
X (0]

X (0]

attenuation ~ a'OCx
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ULTRASOUND
TREATMENT GUIDE
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The Engineering Behind Ultrasoung. "~ -

Point 1. Current Ultrasound Devices Are Not
Ergonomic

Arhe patient or doctor must manipulate the
device

AVlust use ultrasound gel

90% efficient>

Point 2. Current Ultrasound Devices Are Not
Efficient 50% efficient>

APower is lost in the AD/DC conversion

Bower is lost in the electronic driver M
APower is lost in the cable
MPower is lost in the transducer (5% efficient

Point 3. These Large Devices Require Active
Involvement
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Competitive AdvantageIn 8 ..
U Itra soun d I(r)ntge'lt'je;:::eology has VERY Lo

50 AElectronically we are
= o © b 99% efficient

......

1.5 MHz Transducer
20 mm Diameter

Output Powe (watts)

1.5 MHz Transducer
38 mm Diameter

Freouerv (H2) ' 10 Frequency (Hz)

wMotivated by clinical problems

wUltrasound systems that are fully integrated

Lewis et al. Rev. Sci. Inst. 2008, Lewis et/atailist Soc

SR R e R ey Am. 2009, Lewis et al. USPTC 2010, Lewis et al. Rev. Sci.
Inst. 2010
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Ultrasound Research Team

CLINICAL
Brain: SusarPannulloand MarkSouweidane
Vein:JasorSpectorand Peter Henderson
Pain:Cary Reid, Ralf Ortiz, DAgneseand
ThelmaMelinz

Fetal :Dr. Steveselber

......

RESEARCH
Brain: Bill Olbricht, Zach Schulz, Sabriaaring
AllisonJagoe BrianAguilare SararBaskaran
Fetal: Daniel CurrieSarah Wheeling anBooja
Umesh

Pain:HarrisonTsai,Jarvi€.Veira

Andrea Mayer, Sarah Wilson, Di@a&anchandani
and ApekshaShapeti

GOOGLE Group:
Ultrasound Rules
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UCED Methods

I tré 1d
ik St Ultrasound Transducer Cannula
Lr:nrge -~ l stereotactic Assembly
pump S ide ssm f Alnfuse tracers into caudate
‘\ AUltrasound applied on the surface
ultrasound ;
& transducer of brain
= cannula AApply ultrasound @.000mW/cn?
Y » I3 - AStudy tracer distribution in the

brain

Schematic showing infusion
coordinates (B +0 mm)

Smarntsneedlelfor infusion
’Q -8 ~\4 -~y
Ultrasound Needle Hydrophone
AUse principles of timeeversal
acoustics to deliver ultrasound

AlLess invasive for clinical use
AStudy power and pulse sequence

LU\t raSeuncithe r a transducer

Lewis et al. InfThera Ultras 2008, Lewis et al. Am. Inst
Ultras Med. 2010, Lewis et al. USPCT 2010, Lewis et al.
Acous Soc. Am. 2010 George K. Lewis Jr., BMES Retreat 20:
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N=+200 across UCED Projects & |
In Vivo N=40 rodents

UCED
AReduces back flow of
tracer

AAllows for faster infusion
rates

Almproves spatial
distribution by 2 to 6 timesg
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