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Task Description:

The major goal of this effort is to utilize existing ultrasound platforms and the concept of image-guided therapy to
control traumatic bleeding, ablate benign and malignant tumors, and to diagnose and reposition kidney stones. Our
methods and devices are countermeasures to specific risks described in the Human Research Program Integrated
Research Plan, viz., 
(1) Lack of advanced therapeutic capability, 

(2) lack of capability to treat renal stones, and 

(3) lack of non-invasive diagnostic imaging capabilities. 

The original specific aims are: 

Specific Aim 1: Support ongoing leveraged efforts in Acoustic Hemostasis (AH) and HIFU Tumor Ablation (TA) by
addressing fundamental scientific issues as well as to ensure NSBRI relevance. 

Specific Aim 2: Develop methods and technologies that would enable detection of renal stones with ultrasound. 

Specific Aim 3: Develop technology and perform in vitro studies of stone comminution. 

Specific Aim 4: Utilizing technology and protocols developed in SAs 2 and 3, perform in vivo studies in a porcine
model. 

The key findings and associated research productivity for year 1 are: 

• Successfully completed a collaboration with Siemens of a DARPA-funded Phase II project to develop an automated
system to detect and control bleeding on the battlefield. Phase III funding is pending. Leveraged this effort to build
automated bleeding detection and ultrasound-based treatment monitoring with NSBRI funding. Paper published,
presentation made, and Record of Invention submitted. 

• Conducted in vitro and animal tests toward transcutaneous tumor ablation treatment with HIFU. Completing initial
investigation of HIFU-induced, tumor-specific immune response in collaboration with Fred Hutchinson Cancer Research
Institute and initiated a second animal study on Philips clinical HIFU system with Seattle Cancer Care Alliance.
Characterized the acoustic output and optimized exposure parameters of the Philips machine. Efforts are underway for
commercially sponsored clinical trials for pancreatic cancer. Utilized NSBRI funding to develop modeling and
characterization tools, test ultrasound guidance, replicate acoustic output with smaller instrumentation, and initiate
additional research. Papers published and others are pending approval by commercial collaborators. 

• Developed new method to emulsify tissue with transcutaneous ultrasound. Our method has several potential
advantages over the technique used in competitor's $11 million start-up. Our method also has promise as a potential
surgical tool. Submitted provisional patent and published papers. 

• Developed second prototype to detect and reposition kidney stones with ultrasound. This is a proposed new treatment
for stones in microgravity for early detection as well as to reposition them near the exit of the kidney for natural
clearance. It also has significant earthbound clinical and commercialization potential. Human studies of the detection
algorithm have begun and approval in principle for treatment in human subjects has been granted pending final acoustic
output measurements. Safety and efficacy has been demonstrated in pigs. An intellectual-property package has been
prepared by UW for potential licensing. A business/commercialization plan has been developed. A commercial partner
has been identified and initial investigation into the regulatory and reimbursement pathways has taken place. This
information was shared during NASA's meetings to identify the next ultrasound system for ISS as our capabilities to
address gaps could be integrated directly into certain existing ultrasound systems. 

• A miniaturized device to size stone fragments for safe extraction has been tested in a porcine kidney: Submitted U.S.
utility patent application and published paper. This topic has been the subject of licensing negotiations between the
University of Washington and a potential commercial sponsor. 

Ultrasound for treating bleeding, benign and malignant tumors, and stone disease are revolutionary therapies; as such,
our approach is to leverage funding to demonstrate that they are clinically safe and efficacious. In particular, we utilized
NSBRI funding to understand the acoustic exposures needed to develop light-weight instrumentation for potential use in
microgravity. NSBRI has also embraced the commercialization of our system to detect and reposition stones, and great
progress has been made this year. The earthbound, as well as the space application is to enable the passage of stones and
residual fragments and thus prevent complications from impacted stones. We licensed revolutionary diagnostic
ultrasound hardware from an Original Equipment Manufacturer and added a few changes of our own. With NSBRI's
help, we made the case that if similar hardware were selected as the ultrasound system on ISS, our capability to detect
and treat stones could be immediately deployed (TRL/CRL level 9) for emergency treatment of urolithiasis. 

To summarize, in our acoustic hemostasis effort, we have results ready to publish, expect to continue our substantial
DARPA-funded effort working toward human subjects testing, and will utilize our NSBRI-developed systems in animal
studies. On our HIFU ablation studies, animal experiments should soon be completed and published this year, and all
pieces should be in place for and IDE/IRB to initiate human studies. On stone disease, our device is expected to be tested
on human subjects; a new transducer will be developed; acoustic output characterization for regulatory approval will
begin, and it is planned to transfer some of this technology to a new start-up. 

  

Rationale for HRP Directed Research:   

We have been encouraged by our interactions with the urology, ultrasound, and business communities that our
technology to detect and reposition stones could significantly alter the way kidney stones are treated on Earth. We have
won awards in the four poster or business plan competitions we have entered. Most stones are small enough to pass
naturally and thus patients are encouraged, through hydration and a drug Flomax, to try to pass the stone without
intervention. This natural process might take 6-8 weeks and result in considerable discomfort to the patient over this
interval. With our technology, the stone could potentially be cleared in the first office visit. Many stones do not clear
with hydration, and thus more aggressive approaches are required. More invasive procedures are often necessary if the
stone is in the lower pole because even if fragmented the pieces are unlikely to pass from this location. Our technology
might keep the least invasive option open for these patients. In most existing procedures, there is a significant chance
stone pieces will remain behind as seeds for future stones and further surgery. Our technology could help these pieces
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Research Impact/Earth Benefits:

stone pieces will remain behind as seeds for future stones and further surgery. Our technology could help these pieces
pass. In addition, stones are often recurrent; recurring-stone patients are often monitored, so that new stones can be
detected early - this monitoring could be done in astronauts with our precise stone imaging approach. Our technology
could also move these stones to the kidney exit before they are symptomatic. This technology reduces risk of surgery,
complications of surgery for the patient, and the cost of surgery to the insurance companies; furthermore, the technology
does not preclude any surgical options. Lastly, the algorithms to detect kidney stones alone stand to spare many patients
the ionizing radiation of a CT scan or provide options to pregnant women or children with stones who are unlikely to
receive CT. NSBRI quickly recognized the value of this technology and help us initiate our commercialization effort
that now has the full support of the UW, the Washington Research Foundation, and a commercial hardware provider as
well as the interest of several venture capitalists and ultrasound companies. 
The applications of our technology to the control of bleeding and for tumor ablation are at least as profound.
Specifically, this year we have worked with the latest clinical HIFU machine - one developed by Philips Medical. This
machine is intended for many clinical applications. We have used some of our effort to characterize the output of the
machine and assess its potential bio-effects. Our work provides the clinicians, who intend to use this machine, the ability
to select a thermal dose. At UW alone, it helps train the clinicians and establish the specificity of what size targets are
treated. With our contribution, the clinicians are then likely to pursue their own clinical studies and with Philips backing
regulatory approval for various tumor treatments. Before our involvement, the machine sat dormant for a year. We are
also exploring the effect of HIFU on the immune system and have proposed clinical trials to combine HIFU with
chemotherapy agents. We believe that our efforts to carefully describe outputs and bio-effects will help the US catch up
with the rest of the world where over 400,000 patients have been treated by HIFU. In addition, our intimate knowledge
of these details enable us to consider ways in which a similar, much reduced-in-size system could be developed for
NASA to reduce some major risks to astronauts. 

The control of bleeding with ultrasound has great potential to save lives from both civilian and battlefield trauma. Our
most directed work leverages DARPA funding and is in partnership with a commercial entity. This ambitious project
seeks to develop a fully autonomous system that would both detect bleeding and induce hemostasis without major user
involvement. 

  

Task Progress:

Task 1A. Perform studies of bleeding detection in a flow-phantom model. Successfully detected and treated sites in a
phantom developed with DARPA and FDA in a blind test with an automated system. 
Task 1B. Perform studies to determine pressure and temperature in ex vivo tissue exposed to HIFU. Paper M.S. Canney,
et al., "Millisecond boiling produced by high intensity focused ultrasound," Ultrasound Med. Biol., 2009 and others led
to invitation to join IEC working group on HIFU standards and to measure acoustic output of Philips clinical HIFU
machine. Also, discovered method to emulsify tissue with ultrasound. 

Task 2A. Develop new stone detection techniques based on radiation force and reverberation responsible for twinkling
artifact and vibroacoustography. As part of our graduate student's dissertation, efforts continue to understand the origins
of the twinkling artifact and to further refine the algorithms we have developed, implemented, tested, and submitted to
UW for patent submission. 

Task 2B. Test stone sizing technology in tissue. Published paper M.D. Sorensen, et al., "A Proof of Principle of a
Prototype Ultrasound Technology to Size Stone Fragments During Ureteroscopy," J. Endourology 2010; filed U.S. and
international utility patent applications, and are negotiating licensing. 

Task 3A. Utilize the YUANDE HIFU tumor ablation device as a platform for determining the acoustic protocols
necessary for ultrasound-based stone comminution. This project is ongoing. 

Task 3B. Engineer and optimize an image-guided, two-frequency HIFU system for renal stone comminution. We have
focused on moving small stones within the kidney with ultrasound to facilitate natural stone clearance. A system to detect
and reposition stones based on an OEM diagnostic ultrasound platform has been built and demonstrated to be safe and
effective in a porcine model. Commercialization effort has begun. Results were reported at the American Urology and
Laparoendoscopy Society meetings. Efforts to generate shorter higher amplitude pulses such as those used in shock
wave lithotripsy (SWL) to break stones have begun, both to add a useful capability as well as to pursue a SWL
regulatory pathway. 

Task 4A. Perform in vivo tests of the imaging protocols developed in Task 2. Paper in preparation comparing twinkling
to standard B-mode for stone detection in patients. New algorithm for stone detection implemented on clinical machine
and tests of the algorithm initiated on human subjects. 

Task 4B. Perform studies to determine the potential for HIFU-induced stone comminution as well as any associated
tissue injury. In vivo studies of our stone clearance system have been shown to be safe and effective. A new assay and
ultrasound imaging technology are being tested by a graduate student to quantify tissue injury. Stone clearance and
injury measurements will begin on human subjects. 
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Abstracts for Journals and
Proceedings 

Khokhlova VA, Canney MS, Khokhlova TD, Wang YN, Hwang JH, Crum LA, Bailey MR. "Mechanical erosion of
tissue using millisecond bursts of high amplitude shock waves." Presented at the 20th International Conference on
Acoustics, ICA-2010, Sydney, Australia, August 23-27, 2010. 
20th International Conference on Acoustics, ICA-2010, Sydney, Australia, August 2010. , Aug-2010   

Abstracts for Journals and
Proceedings 

Khokhlova VA, Yuldashev PV, Canney MS, Bailey MR, Sapozhnikov OA, Crum LA. "A combined measurement and
modeling method to characterize nonlinear HIFU fields." Presented at Advanced Metrology for Ultrasound in Medicine,
National Physical Laboratory, Teddington, UK, May 12-14, 2010. 
Advanced Metrology for Ultrasound in Medicine, National Physical Laboratory, Abstract Book, May 2010. , May-2010   

Abstracts for Journals and
Proceedings 

Kreider W, Chen H, Bailey M, Brayman A, Matula T. "Bubble-boundary interactions relevant to medical ultrasound."
Presented at the Joint 159th Meeting of the Acoustical Society of America and NOISE-CON 2010, Baltimore, MD,
April 19-23, 2010. 
Journal of the Acoustical Society of America. 2010 Mar;127(3):1978. http://dx.doi.org/10.1121/1.3385074 , Mar-2010   
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Abstracts for Journals and
Proceedings 

Lee D, Marro K, Cunitz B, Bailey MR. "Does proton resonance frequency linearly change with temperature?" Presented
at the International Society for Magnetic Resonance in Medicine, 19th Annual Meeting, Stockholm, Sweden, May 1-7,
2010. 
International Society for Magnetic Resonance in Medicine, 19th Annual Meeting, Stockholm, Sweden, May 2010. ,
May-2010   

Abstracts for Journals and
Proceedings 

Lu W, Cunitz BW, Kaczkowski PJ, Shah A, Sapozhnikov OA, Bailey MR. "Radiation pressure from ultrasound to help
kidney stones pass." Presented at the 158th Meeting of the Acoustical Society of America, San Antonio, Texas, October
26-30, 2009. 
Journal of the Acoustical Society of America. 2009 Oct;126(4, Pt 2):2213. http://dx.doi.org/10.1121/1.3248749 ,
Oct-2009   

Abstracts for Journals and
Proceedings 

Sapozhnikov OA, Bailey MR. "Theoretical modeling of radiation force imparted on a kidney stone by a focused
ultrasound beam." Presented at the 20th International Congress on Acoustics, ICA 2010, Sydney, Australia, August
23-27, 2010. 
20th International Congress on Acoustics, ICA-2010, Sydney, Australia, August, 2010. , Aug-2010   

Abstracts for Journals and
Proceedings 

Shah A, Bailey MR. "Focused ultrasound to facilitate stone clearance." Presented at the 2009 Western Section American
Urological Association (WSAUA) 85th Annual Meeting, Las Vegas, NV, October 25-29, 2009. 
2009 Western Section American Urological Association (WSAUA) 85th Annual Meeting, October 2009. , Oct-2009   

Abstracts for Journals and
Proceedings 

Shah A, Cunitz B, Lu W, Sorensen M, Crum L, Bailey M. "Clearance of lower pole kidney stones using focused
ultrasound techniques." Presented at the 27th World Congress of Endourology & SWL, Munich, Germany, October
6-10, 2009. 
Journal of Endourology. 2009 Oct;23(Suppl 1):A286. http://www.wce2009.de/pdf/Final_Files.pdf , Oct-2009   

Abstracts for Journals and
Proceedings 

Shah A, Mitchell S, Wang YN, Bailey M, Sorensen M, Crum L, Harper J. "Novel high intensity focused ultrasound
instrument for partial nephrectomy." Presented at the 28th World Congress of Endourology & SWL, Chicago, IL,
September 1-4, 2010. 
Journal of Endourology 2010 Sep;24(Suppl 1):A1-394. , Sep-2010   

Abstracts for Journals and
Proceedings 

Shah A, Paun M, Owen NR, Sapozhnikov OA, Lu W, Illian R, Mourad PD, Bailey MR, Crum LA. "Measurement of
stone targeting during shock wave lithotripsy." 10th International Symposium on Therapeutic Ultrasound, Tokyo, Japan,
June 9-12, 2010. 
10th International Symposium on Therapeutic Ultrasound, Tokyo, Japan, June 2010. , Jun-2010   

Abstracts for Journals and
Proceedings 

Shah A, Sorensen M, Canney M, Sapozhnikov O, Teichman J, Bailey M. "Miniaturization of an ureteroscopic
ultrasound technology to size kidney stone fragments in a porcine model." Presented at the Society of Laparoendoscopic
Surgeons, Boston, MA, September 9-12, 2009. 
Society of Laparoendoscopic Surgeons, September 2009. , Sep-2009   

Abstracts for Journals and
Proceedings 

Shah A, Sorensen M, Dighe M, Paun M, Wright J, Bailey M, Harper J. "Novel use of diagnostic ultrasound imaging to
assess efficacy of shockwave lithotripsy treatment." Presented at the 28th World Congress of Endourology & SWL,
Chicago, IL, September 1-4, 2010. 
Journal of Endoeurology 2010 Sep;24(Suppl 1):A1-A394. , Sep-2010   

Abstracts for Journals and
Proceedings 

Shah A, Sorensen M, Paun M, Dunmire B, Kucewicz J, Cunitz B, Starr F, Kaczkowski P, Sapozhnikov O, Bailey M.
"Ultrasound to facilitate clearance of residual stones." Presented at the 18th Society of Laparoendoscopic Surgeons
Annual Meeting, Boston, MA, September 9-12, 2009. 
18th Society of Laparoendoscopic Surgeons Annual Meeting, September 2009. , Sep-2009   

Abstracts for Journals and
Proceedings 

Shah A, Sorensen M, Harper J, Cunitz B, Lu W, Bailey M. "Focused ultrasound application to reposition kidney stones
and facilitate passage of residual fragments." American Urological Association 2010 Annual Meeting, San Francisco,
California, May 29-June 3, 2010. 
Journal of Urology 2010 Apr;183(4 Suppl):e819. http://dx.doi.org/10.1016/j.juro.2010.02.2194 , Apr-2010   

Abstracts for Journals and
Proceedings 

Bailey M, Cunitz B, Shah A, Paun M, Kaczkowski P, Sapozhnikov O. "Focused ultrasound to move kidney stones."
Presented at the 9th International Symposium on Therapeutic Ultrasound, Aix-en-Provence, France, September 23-26,
2009. 
9th International Symposium on Therapeutic Ultrasound, Aix-en-Provence, France, September 2009. , Sep-2009   

Abstracts for Journals and
Proceedings 

Canney MS, Khokhlova TD, Wang YK, Khokhlova VA, Bailey MR, Crum LA. "Tissue erosion using millisecond
boiling in high-intensity focused ultrasound fields." Presented at the Joint 159th Meeting of the Acoustical Society of
America and NOISE-CON 2010, Baltimore, MD, April 19-23, 2010. 
Journal of the Acoustical Society of America. 2010 Mar;127(3):1760. http://dx.doi.org/10.1121/1.3383729 , Mar-2010   

Abstracts for Journals and
Proceedings 

Crum LA, Canney MS, Bailey MR, Bessonova OV, Khokhlova VA. "Toward a better understanding of high intensity
focused ultrasound therapy using the Khokhlov–Zabolotskaya–Kuznetsov equation." Presented at the 158th Meeting of
the Acoustical Society of America, San Antonio, Texas, October 26-30, 2009. 
Journal of the Acoustical Society of America. 2009 Oct;126(4, Pt 2):2201. http://dx.doi.org/10.1121/1.3248617 ,
Oct-2009   

Abstracts for Journals and
Proceedings 

Cunitz B, Marro K, Lee D, Bailey M. "A test bed to calibrate MR thermometry." Presented at the 9th International
Symposium on Therapeutic Ultrasound, Aix-en-Provence, France, September 23-26, 2009. 
9th International Symposium on Therapeutic Ultrasound, Aix-en-Provence, France, September 2009. , Sep-2009   

Abstracts for Journals and
Proceedings 

Harper JD, Mitchell SB, Wang YN, Shah AR, Bailey MR, Crum LA. "Novel high-intensity focused ultrasound
clamp–potential adjunct for laparoscopic partial nephrectomy." American Urological Association 2010 Annual Meeting,
San Francisco, California, May 29-June 3, 2010. 
Journal of Urology 2010 Apr;183(4 Suppl):e283. http://dx.doi.org/10.1016/j.juro.2010.02.1213 , Apr-2010   

Khokhlova T, Bailey M, Canney M, Hwang JH, Yee C, Crum L. "Tumor-specific immune response induced by HIFU
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Abstracts for Journals and
Proceedings 

Khokhlova T, Bailey M, Canney M, Hwang JH, Yee C, Crum L. "Tumor-specific immune response induced by HIFU
therapy: a study in a mouse model." Presented at the 9th International Symposium on Therapeutic Ultrasound,
Aix-en-Provence, France, September 23-26, 2009. 
9th International Symposium on Therapeutic Ultrasound, Aix-en-Provence, France, September 2009. , Sep-2009   

Abstracts for Journals and
Proceedings 

Khokhlova T, Canney M, Khokhlova V, Wang YN, Hwang JH, Crum L, Bailey M. "Physical mechanisms and
bioeffects of explosive boiling induced by millisecond pulses of high intensity focused ultrasound." Presented at the
2010 IEEE International Ultrasonics Symposium, San Diego, CA, October 11-14, 2010. 
2010 IEEE International Ultrasonics Symposium, October 2010. , Oct-2010   

Abstracts for Journals and
Proceedings 

Khokhlova TD, Canney MS, Khokhlova VA, Wang YN, Hwang JH, Crum LA, Bailey MR. "Mechanical tissue erosion
by boiling produced by millisecond pulses of high intensity focused ultrasound." Presented at the 10th International
Symposium on Therapeutic Ultrasound, Tokyo, Japan, June 9-12, 2010. 
10th International Symposium on Therapeutic Ultrasound, Tokyo, Japan, June 2010. , Jun-2010   

Abstracts for Journals and
Proceedings 

Poliachik SL, Khokhlova TD, Bailey MR. "High-intensity focused ultrasound as a potential treatment modality for
heterotopic ossification." Presented at the Joint 159th Meeting of the Acoustical Society of America/NOISE-CON 2010,
Baltimore, MD, April 19-23, 2010. 
Journal of the Acoustical Society of America. 2010 Mar;127(3):1759. http://dx.doi.org/10.1121/1.3383721 , Mar-2010   

Articles in Peer-reviewed Journals Bessonova OV, Khokhlova VA, Bailey MR, Canney MS, Crum LA. "Focusing of high power ultrasound beams and
limiting values of shock wave parameters." Acoust Phys. 2009 Jul 21;55(4-5):463-76. PMID: 20161349 , Jul-2009   

Articles in Peer-reviewed Journals Bessonova OV, Khokhlova VA, Canney MS, Bailey MR, Crum LA. "A derating method for therapeutic applications of
high intensity focused ultrasound." Acoust Phys. 2010 Jan 1;56(3):354-63. PMID: 20582159 , Jan-2010   

Articles in Peer-reviewed Journals 
Canney MS, Khokhlova VA, Bessonova OV, Bailey MR, Crum LA. "Shock-induced heating and millisecond boiling in
gels and tissue due to high intensity focused ultrasound." Ultrasound Med Biol. 2010 Feb;36(2):250-67. PMID:
20018433 , Feb-2010   

Articles in Peer-reviewed Journals Sapozhnikov OA, Kreider W, Bailey MR. "Effect of elastic waves in the metal reflector on bubble dynamics at the focus
of an electrohydraulic lithotripter." Nelineinyi mir (Nonlinear world), 2009 Jul;7(7):575-80. (in Russian). , Jul-2009   

Articles in Peer-reviewed Journals 
Sorensen MD, Shah AR, Canney MS, Sapozhnikov OA, Teichman JM, Bailey MR. "Ureteroscopic ultrasound
technology to size kidney stone fragments: proof of principle using a miniaturized probe in a porcine model." J Endourol.
2010 Jun;24(6):939-42. PMID: 20136398 , Jun-2010   

Awards Shah A, Bailey M, Crum L. "1st Place 4th Annual Science & Technology Showcase, January 2010." Jan-2010   

Awards Shah A, Bailey M, Crum LA. "Invitation to present at 10th Annual Life Science Innovation Northwest, March 2010."
Mar-2010   

Awards Wallace J, Bailey M. "1st Place UW Executive MBA Business Plan Competition, June 2010." Jun-2010   

Awards Crum L. "Elected member of Danish Academy of Natural Sciences, February 2010." Feb-2010   

Awards Crum L. "President of International Society for Therapeutic Ultrasound, September 2010." Sep-2010   

Awards Bailey M. "UW Assist. Prof. Mechanical Engineering and Adjunct Assist. Prof. of Urology WOT, March 2010."
Mar-2010   

Awards Sapozhnikov O. "Fellow, Acoustical Society of America, October 2010." Oct-2010   

Awards Lu W, Bailey M, Crum L. "2nd prize best poster, National Academy Grand Challenges Meeting Seattle, May 2010."
May-2010   

Papers from Meeting Proceedings 

Bessonova OV, Khokhlova VA, Canney MS, Bailey MR, Crum LA. "Nonlinear derating methods for high intensity
focused ultrasound (HIFU) fields." 2009 IEEE International Ultrasonics Symposium, Rome, Italy, September 20-23,
2009. 
In: 2009 IEEE International Ultrasonics Symposium. New York : Institute of Electrical and Electronics Engineers, 2009.
p. 216-219. http://dx.doi.org/10.1109/ULTSYM.2009.5441494 , Sep-2009   

Papers from Meeting Proceedings 

Canney MS, Khokhlova TD, Khokhlova VA, Bailey MR, Hwang JH, Crum LA. "Tissue erosion using shock wave
heating and millisecond boiling in HIFU fields." 9th International Symposium on Therapeutic Ultrasound,
Aix-en-Provence, France, September 23-26, 2009. 
In: 9th International Symposium on Therapeutic Ultrasound: ISTU-2009. AIP Conference Proceedings, Volume 1215, p.
36-39, March 2010. http://dx.doi.org/10.1063/1.3367183 , Mar-2010   

Papers from Meeting Proceedings 
Crum LA, Owen NR, Lu W, Shah A, Bailey MR, Sapozhnikov OA. "The use of the twinkling artifact for improved
stone detection and characterization." 3rd International Urolithiasis Research Symposium, Indianapolis, IN, December
3-4, 2009. 
3rd International Urolithiasis Research Symposium, Indianapolis, IN, 2009. , Dec-2009   

Papers from Meeting Proceedings 

Kreider W, Bailey MR, Sapozhnikov OA, Crum LA. "Potential temperature limitations of bubble-enhanced heating
during HIFU." 9th International Symposium on Therapeutic Ultrasound, Aix-en-Provence, France, September 23-26,
2009. 
In: 9th International Symposium on Therapeutic Ultrasound: ISTU-2009. AIP Conference Proceedings, Volume 1215, p.
367-370, March 2010. http://dx.doi.org/10.1063/1.3367182 , Mar-2010   

Papers from Meeting Proceedings 
Kreider W, Bailey MR, Sapozhnikov OA, Khokhlova VA, Crum LA. "The dynamics of histotripsy bubbles." 10th
International Symposium on Therapeutic Ultrasound, Tokyo, Japan, June 9-12, 2010. 
10th International Symposium on Therapeutic Ultrasound, Tokyo, Japan, June 2010. , Jun-2010   

Kreider W, Chen H, Bailey MR, Brayman AA, Matula TJ. "Potential mechanisms for vessel invagination caused by
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Papers from Meeting Proceedings 
Kreider W, Chen H, Bailey MR, Brayman AA, Matula TJ. "Potential mechanisms for vessel invagination caused by
bubble oscillations." 2009 IEEE International Ultrasonics Symposium, Rome, Italy, September 20-23, 2009. 
In: 2009 IEEE International Ultrasonics Symposium. New York : Institute of Electrical and Electronics Engineers, 2009.
p. 353-356. http://dx.doi.org/10.1109/ULTSYM.2009.5441744 , Sep-2009   

Papers from Meeting Proceedings 
Sapozhnikov O, Bailey M, Cunitz B, Kaczkowski P, Oweis G. "Moving stones inside a kidney using acoustic radiation
force." 2009 IEEE International Ultrasonics Symposium, Rome, Italy, September 20-23, 2009. 
2009 IEEE International Ultrasonics Symposium, Rome, Italy, September, 2009. , Sep-2009   

Papers from Meeting Proceedings 
Shah A, Lu W, Cunitz BW, Kaczkowski P, Bailey MR. "Ultrasound to move kidney stones." 3rd International
Urolithiasis Research Symposium, Indianapolis, IN, December 3-4, 2009. 
3rd International Urolithiasis Research Symposium, Indianapolis, IN, 2009. , Dec-2009   
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