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Motivation & Applications

The Clinical Problem
« 1in 8 women get breast cancer

G 2" most common cancer among women
« Breast screening with ultrasound (ACRIN 6666)

U USis very sensitive

U Not sufficiently specific
« Standard for diagnosis i- Biopsy

U 75% of biopsy results are benign

U Most costly per capita component of breast cancer screening

program

* More quantitative information from ultrasound imaging
Results are more comparable among imaging systems and sites
Imaging becomes more useful for monitoring progression of
disease and treatment
Easier for healthcare providers to communicate in quantitative
statements
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Clinicians use images to describe lesion morphology
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Standard B-mode Imaging

Valuable information is discarded in B-mode imaging
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Quantitative Ultrasonic Imaging
¢ Analogous to MRI
0 B-mode ultrasound is like proton density imaging in MRI
« Images of signal strength
0 MRI has other methods of acquiring and processing data to
obtain more information
« Tland T2 weighted imaging
« Diffusion tensor imaging
« Functional MRI
¢ Quantitative ultrasound (QUS)
U Attempts to perform QUS have been around much longer
(~60yrs)
U Itis a much more difficult problem than in MRI

« Wed:veeswkinrorwn dfcoirs smanly: idecade
conditions in acoustic wave propagation
U Compare the size of the scattering source (d) with the
acoustic wavelength (1)
el<< d Aspecular reflectiono (9
«l>> d ARayleigh scattefddngo (¢
« Physics is more interesting between these limiting
conditions

« Use models for acoustic interactions with tissue to
extract physically descriptive parameters
U Quantitative ultrasound (QUS)

Quantitative Ultrasonic Imaging (QUS)

Quantitative Ultrasonic Imaging

e Multiple Parameters
UtNo ASilver Bulleto (no single

« Parameters that are Physically-Descriptive
i System-Independent

« Parameters that are Uncorrelated

« Parameter combination determined by rigorous
statistical arguments
i Parameter Selection Based on Hotelling Trace
i Performance Evaluated with ROC Analysis
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Wisconsv Approaches to QUS

* To estimate a physically-based absolute parameter
that describes acoustic scattering we compare our
data to a model

i A model for what?

* The acoustic backscatter coefficient is an absolute
measure of acoustic scattering (echo signal) from a
region of interest

U What is the backscatter coefficient?
U How can it be estimates/measured?
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Models for Acoustic Scattering

WISCONSIN

« With few assumptions notably:
U The scattering sources are at a large distance compared to the
dimensions of the volume contributing to scattering
U The scatterers are small compared to the acoustic beam
UThe Born approximation (total p
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where Py is the incident pressure

P, is the scattered pressure
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© is the angle between the incident and scattered pressure waves
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* We can derive an equation that relates the scattered
preceissiu b sctatorirty hreplithiss'c at t er i ng
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Morse and Ingard call this the “scattering amplitude”
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« The differential scattering cross section per unit
volume in the (180°) backscatter direction is (bsc)

2
oy = <I>(2k)| %

Sources of Acoustic Scattering

* Inhomogeneities in Acoustic Impedance
U Density and compressibility differences

« Easily Defined in Test Materials (Phantoms)
U Spherical glass beads of known properties
U Calculate the scattering properties from first principles

« Less well-defined in tissues
i Use very simple models (Gaussian correlation function)
i Develop more sophisticated models




Models for Acoustic Scattering

Model for backscatter
U Discrete scatterer model

oy =C fHd"N~* F(f,d)

0 Continuum model (continuously varying impedance
distribution)

4 /a2
oy = FT)

on2 ), d®Ar B, (Ar) kAT
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From Models to Measurements

We derived an equation relating the scattered pressure
to the acoustic backscatter coefficient (bsc)
absolute

GThe bsc is an measur e

Next we derive a model that describes the scattered
pressure in terms of the echo signals we actually record
with an ultrasound system

From Models to Measurements

Models for the Measured Echo
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Following the methods initially described by Fred Lizzi and

ccoldalre-a geue:se, werade e loartalecdt hoeer apvema g e
of the echo signals to experimental parameters
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Wi(k) = (zwj?;)'f,,dmr By (Ax, Ay) By(Az) B, (Ar) kAT

By (Az, Ay) is the autocorrelation function for the pressure field
B,(Az) is the autocorrelation function for the gate that selects echo data
B.(Ar) is the autocorrelation function for the tissue scattering properties

With some very reasonable assumptions (operating in the focal
zone) we can directly relate this to the bsc
W(k) = (1.36A, 2./ R2) o
A, describes the transducer aperture

z. is the effective gate duration
Ry is the on-axis distance from the transducer to the gate center




Compare Theory and Experiments
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¢ Datd fia defailetl maleld (a.d. Faead’s thhanid/ewhen s((fféciengt .
information is available to accurately model scattering
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Benefits of CMUTs

< Higher center frequency possible
« Broader bandwidth

« 3D/4D motion tracking & imaging
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WISCONSIN Conclusions

+ Quantitative Ultrasound (QUS) techniques have advanced
considerably over the past 26 3 decades
U Substantial advances in modeling and algorithms
* New methods for fAoldo parameters
« New parameters that appear to provide robust estimates
U Substantial improvements in clinical hardware

« Increased transducer center frequencies
« Increased bandwidth and electronic SNR
« 2D arrays (3D/4D imaging) on the horizon

« A solid understanding of the underlying physics as well as the

underlying biological processes and variability are essential to
advance the field

« Prospects for the future look VERY bright!




