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Ultrasound in Medicine and Biology =

Ultrasound has been used for over 60 years

Drug Delivery

Non-invasive

_ Ultrasonic ,
Physical scalpel Ablation

Therapy

Fat removal
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The Landscape of Therapeutic
Ultrasound (intensity)

Diagnostic vs. Therapeutic
A Diagnostic ultrasound

A Short pulses or bursts

A Measure reflections and/or
propagation of the wave

A Therapeutic ultrasound
A Long bursts or continuous

A Interaction of waves and
tissue provides therapeutic
effect

p
ALow
Intensity

AlLow to
Medium

Stimulation of
bone, cell, skin
and etc.

30-500 mW/cm?

Physiotherapy
and
rehabilitation

0.5-4 W/cm?2

Membrane
disruption, drug
delivery,
cavitation

4-50 W/cm?

issue ablation

and liquefaction,

lithotripsy

50-5000+
W/cm?

AMedium
to High

High
Intensity

Wu J & Nyborg W. (2006) Emerging therapeutic ultrasound. World

Science
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The Landscape of Therapeutic = o= ten Gamy
Ultrasound (frequency)

20 kHz 1 MHz 3+ MHz
Ocular Drug Topical Topical
Delivery Hydrocortisone ~ Delivery
A A
A
20-100 kHz 800 kHz | 1-5MHz
Transdermal Drug Gene Brain
Delivery Thegapy Drug Delivery
Audible Sound T T Imaging
20 kHz l 1 MHzl 10 MHz
50 kHz 1.5 MHz
Lipoplasty ¥ Bone
Healing
20-60 kHz Th?gggtl)_ll Zsis E13'00 (;( . 3 MHz
Drug Free y Hen I_on Drug Free
Glaucoma ealing Pain

Treatment Wu J & Nyborg W. (2006) World Science. Samir Mitragotri (2005)
Nature.



Copyright © 2011. All rights reserved.

The Physics Behind Ultrasound e« (iger

Ultrasonic Frequency (f)
AThe vibrating rate (vibrations per unit time), in Hertz

(Hz). K For Most Human Applications
Speed of Ultrasound (c) Cc= /_ Ultrasonic Frequency (f)
}

ARelated to the elasticity and density of the tissue A-3 MHz
Wavelength (a) C Speed of Ultrasound (c)

ARelated the speed and frequency [ =— A1540 m/s
Absorbance and Dispersion f Wavelength ()

ARelated the frequency and material properties A1.5-0.5 mm

: Absorbance and Dispersion
Alntensity (1) [W/cm?] and Pressure (P) [Pa] Avalues of U gary from one

AJ = absorbance coefficient, a function of frequency tissue to another

A20 for bone
P Px = Poe' ax A1.0 for kidney
£0.94 for liver
K.85 for brain
A0.63 for fat
£.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), 931 108.
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The Physics Behind Ultrasound — o-cese« e (g

Reflection and Refraction
MDependent on impedance (2)
Acoustic Force

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

AAcoustic streaming
Cavitation

AStable cavitation continuous oscillation of

bubbles in response to an oscillating pressure
field

Anertial 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, 2551 260.
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Medical Ultrasound Safety or Gomroo K 1ows

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

AT is defined as the ratio of the emitted acoustic power to the power required to
raise the temperature of tissue by 1°C P Cf

TI =——
210

Reg
ME—%t
JF

*FDA regulatory guidelines:
AOphthalmic applications: Méhould not exceed.2
Aiagnosticobstetricsapplication: Mishould not exceed 1.9

Arherapeutic application3:| 6s over 6 require furf@her
analysis

FDA current guidelines to ultrasound devices and manufactures,
and current standards developed from the American Institute of
Ultrasound in Medicine
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Continuous Ultrasound — Range of Safe Use

10 W/cm?

Adverse Bio-Effects
1 W/cm?

100 mW/cm?

10 mW/cm?

1 min 10 min 1 hour 270 hours

FDA current guidelines to ultrasound devices and manufactures,
and current standards developed from the American Institute of
Ultrasound in Medicine
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TECH

New designs for new applications
A Portable and battery powered

A Low profile customizable to the user

A Ergonomic

A Self treatment capability
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Therapeutic Ultrasound Devices (i

Power Supply
Most devices AC/DC conversion

Batteries are highly dependent on
voltage requirements/efficiency

Signal Generator ‘
Variable f: 20kHz-40mHz
Sinusoidal, square wave, etc. F
CW, pulse/burst, various duty *

Ultrasound Transducer

Piezoelectric Effect

Converts electrical to mechanical ;
energy

Broadband and narrowband




Traditional Ultrasound Engineerifig==*"* (=]}

Traditional Ultrasound Devices

The patient or doctor must manipulate the
device

AVust use ultrasound gel

Traditional Ultrasound Devices Are Not
Efficient

MAower is lost in the AC/DC conversion
MAower is lost in the electronic driver
Mower is lost in the cable

Copyright © 2011. All rights reserved.

The Power Tree
100%
90% efficient 90%
50% efficient 45%

90% efficienta 4 1%

MAower is lost in the transducer

These Large Devices Require Active
Involvement

They cost $$$$$$

" 75% eﬁicient> 30%
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New Ultrasound Engineering o g
based on ultralow impedance design B

Electrical Impedance N
Resistance to energy flow

Magnitude represents the ratio of the
voltage to current amplitude

[m

The argument gives the phase
difference between voltage and
current.

b —————
A\ 4

NN .
11

Re



http://upload.wikimedia.org/wikipedia/en/1/13/Complex_impedance_plane.png
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Ultrasound MOdEllng Dr.GeorgeK.Lewis
With Ultralow Impedance

Water Path

Z

Transl ZTransl ZWaterl ZWaterl

Trans2 \ ZWaterZ

ZWater

Back Side Impedance

Transformer: voltage
¢ to pressure conversion

Target Impedance

v

Lewis, G.K., Jr., Olbricht, W.L. (2009). Design and
characterization of a high-power ultrasound driver with ultralow-
output impedance. Rev. Sci. Instrum. 80, 114704
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8 —mom
A Drive voltage a Ultralow Impedance % ---?23 g:m
B 8| m
setat 10 V 2 | ~“so0m
| £ |[—250hm ||
A 50 Ohm output = =125 Om
impedance _ =
<@,9 Watts £ 4r O |—0.030hm}|
! ©
A 0.08 Ohm =
output 2, |
impedance oY
>45WaLss 5
oHi 1.5 MHz Transducer
20 mm Diameter
Un ]
50 Ohm Standard

..........

14 15 16 17 1.8 1.9
Frequency (Hz) x 10°

Lewis, G.K., Jr., Olbricht, W.L. (2009). Design and
characterization of a high-power ultrasound driver with ultralow-
output impedance. Rev. Sci. Instrum. 80, 114704
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Ultrasound Technologies based o "
Ultralow Impedance

A Physiotherapy
- Wearable long duration ultrasound therapy
- Self treatment
Rich-Mar Therapeutic
Witraseund:Device™
A Drug Delivery \-——~“ 3
- Control and Release Pod LITUS

A Thrombolysis
-  Unmanned treatment

Colin LITUS
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Low Intensity Therapeutic UltraSound

Wearable: Technology that significantly
reduces the size, cost, and power
requirements of ultrasound therapy when
compared to traditional ultrasound devices.

The LITUS device provides 10,000
Joules of energy per treatment

FACT: Traditional ultrasound therapy is
currently administered for only 5-10
minutes in  professional medical
settings providing 2,000 Joules of
energy.
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Low Intensity Therapeutic Ultrasound™
(LITUS)

Point 1. High engineering competitive advantage factor

Primary Healthcare Technolog)
(U

o Effective Therapy

Point 2. LITUS is not applied, you wear it

Disposable easy to

Point 3. The main system is reusable and
use Patch

rechargeable

Small and Ergonomic
System

Point 4. The device translates small animal research
into the clinical setting .

R

Lewis, G.K., Olbricht, W.L, Henderson, P.W.. (2010). J Acoust.
Soc. Am. 127 1761, Lewis, G.K., Jr., Reid, M.C. (2011). In
preparation
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Unmanned: Technology that can slowly or Thrombolysis
quickly lyse thrombus in or out of the MBlood clots lysed in 4 hrs by 50%
hospital
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Commercially Available Thrombolysis
Technology

Ekos Inc.
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Drug Delivery

Targeted: Technology that can target
systemic drugs or mediate delivery.

0.8-5 MHz Wide Beam
Ultrasound

FACT:. Ultrasound can disrupt drug
carrying particles at the treatment

target.

You can use ultrasound arrays to do
200-500 kHz this or less complex delivery means.
Ultrasound Implant



