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~Overview of Presentation |

~ Our motivation and significance

- Diseases and injuries of interest, why ultrasound
~ Work by others

- Development of ultrasound technology

~ Ultrasound in drug delivery
"~ Technology research

- Producing ultrasound energy

- Developing ultrasound measurement approaches
' Drug delivery research

- Results of drug delivery to avian muscle, equine brain and brain
mimicking -phantoms

' Discussion of the potential drug delivery mechanisms
' Current and future directions
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““Motivation: Brian Cancer

| Brain cancer is the leading cause of cancer related
deaths for patients younger then age 35.
- Forchildren brain cancer is usually inoperable
because the brain is not fully developed.
[] Current treatments for brain cancer involve a
combination of:
Removal of the tissue
~ Gamma knife treatment
~ Chemotherapy w/ convection enhanced delivery
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Motivation: Reha iiai n an
Maintenance

. Common injured joints
~ Tennis elbow
~ Cartilage damage
~ Typical Sprang

| Initial treatments usually involves self-care
steps including rest, icing acetaminophen
(Tylenol, others) or over-the-counter anti-
inflammatory medications
. These medications aren't recommended

for long-term use because they can cause
serious gastrointestinal problems.

| Corticosteroids. If your pain is severe and
persistent, your doctor may suggest an
Injection of a corticosteroid medication.
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~~The Business Wire on Therapeutic

Ultrasound

' Therapeutic ultrasound revenues exceeded
$1 Billion in 2006, and will pass $2 Billion in

three years, according to a new report from

MedDevice Concepts

| Future growth is expected to come from “
cancer, cardiovascular disease treatment 1 ‘ 4
devices S

1 Since 2003, $300 Million of new venture
capital has been invested in therapeutic
ultrasound device startups-Al Kyle,
MedDevice president

. Approximately 1,000 Americans have been
treated with high intensity focused
ultrasound (HIFU),compared with nearly
100,000 in the rest of the world
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Stand on the Shoulders.of
Giants: Leaders in The Field

Topical delivery of hydrocortisone

The first study to show the biological effects of
OZI AOOAA OI OOAOQT O1 Ad x A ONG—G—GpG—_p

insulin, low-molecular Faco-

: welghnt WGDI;I'HW, vaccines EH‘ILJ;I ication Qe t iy
- By the 1970s focused gltrasound and hlgh . -
intensity ultrasound surgeries had evolved into clinical 5§ - I
use: used to disintegrate gall bladder stones and breakgi ' 1 ' i ' ' | 1

down various tumors in the brain and pancreas.
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ultrasonic waves are utilized to treat tissues directly g iz | T 1 MHz oune
and enhance the successful outcomes of other
treatments. |

-used to deliver drugs through the skin without
needles, to enhance bone healing and growth, i oan | T Reubess  nRaRo
to provide arthritis relief and reduce joint
inflammation. Image: Samir Mitragotri

ngioplasty Thromibolysis Haemostasis
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Bubbles expand and contract at
the frequency of the ultrasound field

Transducer

Microbubbles

Ultrasound

Fig. 1. A diagram of the ultrasound-induced BBBD.
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Technolgy Research

>

Design innovative approaches for nondestructive testing of ultrasound
transducers and their electrical properties: Electrical Impedance
Spectroscopy (EIS) and Acoustic Power Modeling

Develop efficient high power ultrasound driving circuitry for military,
medical and commercial applications
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“Electrical Impedanc .. ¢

. Electrical impedance, or simply X

impedance, describes a measure of
opposition to a sinusoidal alternating
current (AC).

Impedance is a complex quantity

| The magnitude represents the ratio of the
voltage difference amplitude to the
current amplitude,

. The argument gives the phase difference
between voltage and current. Z
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http://upload.wikimedia.org/wikipedia/en/1/13/Complex_impedance_plane.png
http://upload.wikimedia.org/wikipedia/en/9/92/General_AC_circuit.png
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.~ Devices Used to Measure
Impedance

I Network analyzer
- $15%45k
~ Works well
| Heavy

" Function Generator

1Good for 1 or 2 frequencies | | ‘mmm. 0 LS

PREGUENGY
15 20 e ER
W ®
2R
=
. g J
q T ofur!
POWER o0 =

~ Hard to find resonance and
parallel resonance

lectrice
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Impulse Electrical-lmpedance -
/ @ﬁctroseopy (EIS) Measurement:;

A New Approach

: Vv, v,
~ Use an impulse response and .
transfer function based approach T ‘
~ An impulse is a combination of —\NNV—
every frequepcy _ R
~ Convert the time domain data
into the frequency domain using Z, L - G,
the Fast Fourier Transform (FFT)  \>°uree
150A /EIBO | Ax L ¢
2 v
~ We compare our approach with a .
typical network analyzer and
Pspice model
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to measure the

impedance of
the DUT

Take the FFT
on the two
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“Impulse EIS Results™5MHz

5 MHz Composite Ceramic Impedance Phase Plot 5 MHz Composite Ceramic Impedance Magnitude Plot
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“Tmpulse EIS Results: 2ZMHz
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We can take our electrical impedance curves and use them to fit a
model based on electricab mechanicalkr acoustic properties.

We developed our model from the Mason model of electrical
transmission lines
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