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1. Bioeffects of ultrasound and their enhancement
with microbubbles.
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2 . Thermal cycle of resonant microbubbles
containing different gas species subjected to ultrasonic
pressure at 2 MHz and 0.5 MPa (peak).
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3. Ultrasonic abosorption by microbubble at 3 MHz,
theoretically predicted by numerically solving the
Rayleigh-Plesset equation. Ultrasonic intensity is varied
as a parameter from 1 mW/cm’ to 1 W/em® in a
geometric series.
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4 . HIFU transducer at 3.2 MHz used in in vivo
experiment.
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5. Focal ultrasonic field of the HIFU transducer at
3.2 MHz.
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6 . Experimental setup of HIFU exposure.
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7 . Size distribution of Optison (dotted line) and
distribution in volume content (solid line). It was
measured using a Coulter Multisizer III instrument
(Beckman Coulter, Fullerton, CA), fitted with an orifice
tube of 30 pm aperture after diluted with phosphate
buffer saline, pH 7.4, by 200 times.
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8 . Murine kidney tissue temperature with HIFU
exposure at 290 W/ecm® before and after intravenous
injection of Optison (0.2 ml/kg) at time 0.
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9. Tissue temperature elevation with HIFU
with/without Optison.
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10. Murine kidney tissue temperature with HIFU

exposure at 150 W/cm® before and after intravenous
injection of Optison (0.2 ml/kg) at time 0.
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11. Peak tissue temperature elevation during each
ultrasonic exposure plotted against time after bolus
injection of 0.2 ml/kg Optison. A least-squares fit
monoexponential curve (dotted line) and its final value
(dotted broken line) are also shown.
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(a) After seven-time ultrasonic exposure alone at 290
W/em®.

(b) After seven-time ultrasonic exposure with Optison™
at 150 W/em’.

(c) After one-time ultrasonic exposure with Optison™ at
290 W/em’.

12. Typical histology of the renal tissue after each
series of ultrasonic exposure.
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Focused Ultrasound

13. Selective delivery or creation of microbubbles.
Microbubbles should be selectively delivered to or
created in the target tissue to fully utilize the observed
effect.
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Ultrasonic Stimulation

[X|14. Midrobubble and its precursing nano-particle. A
liquid particle approximately 100 nm in radius can be
converted with ultrasonic stimulation to a gas bubble
approximately 1 pm in radius, which can efficiently
convert ultrasonic energy at a frequency in a MHz range
into heat.



Fo, &, Bz 6T, WE
DOHIFU L Y & S 5 ITHREW T & VO GRE O &N
NAZBET 2 Z LIk o T, REENHBIC~
A7 NTNVEEEKT S FIECEY, TOBE
W & RTINS S e D 2 & BN T D alREMEDN H
T&., ZOFECBTIBERBE Y —47 2
Z X 1SIHEREITR LT, @ OHIFURR S & [FFE
JEE DR SR & FRAR R OO M B R LN D
W OHIFURS X0 INTLL BB E, & S10 ps-
10 ms ODRER NSV AZRFTHHLDOTHL. 2D
FEDOMBEF I AT L0, AR A2 B mE
TDHDIZHEN~A 7 anNTNVEEERTEDZ
N, Falt, #E S TWAH[3].

Triggering Exposure
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15. “Triggered HIFU” sequence. In prior to the
heating ultrasonic exposure with both intensity level and
duration similar to ordinal HIFU exposure, an
extremely-high-inteisity ultrasonic pulse is exposed to
create a bubble cloud in the target tissue.
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