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1. Specific aims. We will refine and validate probes to integrate with the NASA Flexible Ultrasound System to address ExXMC Gap 4.02 Nephrolithiasis.
AIM 1. Refine ultrasound probes to detect, reposition, and fragment kidney stones. AIM 2. Validate probes to visualize, reposition, and fragment stones. AIM 3. Refine and validate imaging to
guide therapy.

2. Key Findings. A new stone specific imaging mode was developed, reported, and a patent submitted. In the first step the system automatically identifies the location of stones in the image and
highlights them with color during real-time scanning. In the second step, the system automatically determines the size of the kidney stone. Published a clinical study showing reduced false
positives with S-mode. Submitted a paper showing improved accuracy in stone size determination with our system. Presented and submitted a patent and paper showing stone size measurement
across the shadow behind the stone is more accurate than measurement not across the image of the stone itself. Hence anyone can improve his or her stone size measurement. Published several
preclinical safety and effectiveness studies of repositioning stones. Published a study of training techniques and outcomes for reposition stones. Initiated first clinical study of repositioning stones
and reported preliminary results. In summary, stones were moved in all six subjects. No subjects observed any discomfort associated with the procedure. Invented, reported, patented, and
submitted paper on a new method to comminute kidney stones, termed Burst Wave Lithotripsy BWL. Published paper 'Pulse focused ultrasound treatment of muscle mitigates paralysis-induced
bone loss in the adjacent bone: a study in a mouse model.' Since the start of the clinical trial we have doubled the effectiveness of ultrasonic propulsion as measured by vertical stone displacement.
Simultaneously we have reduced the channels needed. We have published and used a numerical model of radiation force and the acoustic field in tissue to design an improved probe. We have
begun implementing BWL on the flexible ultrasound system. We have participated in several meetings with GE and ExXMC about NASA's flexible ultrasound system (FUS). We stand by to
integrate GE probe into our FUS and refine and validate ultrasonic propulsion on these probes. We await a probe and a probe description (pin-out) from GE. We continue to present demonstrations
of ultrasonic propulsion and BWL. We presented at the American Urological Association in 2012, 2013, and 2014 and at NSBRI's Congressional demonstration in 2014.

3. Impact. We have invented a technology to reposition kidney stones and demonstrated it works in people. In 3 of the 6 cases, what appeared as one large stone on x-ray was 2 or 3 small

passable stones. This had direct diagnostic benefit to these subjects and changed their course of treatment. In two other subjects we moved stones out of the kidney, which they passed and which
was a direct therapeutic benefit to these subjects. We have shown we can produce a working prototype, develop sufficiently high-quality imaging to guide treatment, train new users, and conduct a
successful clinical trial. This opens the path to refine the system and repeat, to commercialize the system, to add refined imaging as a software upgrade, and to repeat the process with BWL to
demonstrate an improved way to comminute stones in humans. Specifically, we have now implemented our technologies with different probes making it efficient to add the probes NASA selects
or to continue to refine the probes we could provide. Our software continues to be refined and validated. The preclinical work funded by NSBRI enables us to pursue demonstration in humans to
assess where best this technology fits into care in the clinic and in space exploration.

4. Proposed Research. We have undertaken a retrospective study to see how commonly the shadow is seen and to compare accuracy of stone size from the stone or the shadow. We are beginning
a clinical trial of S-mode for automatic stone detection and stone sizing. Our numerical codes and bench top testing will be used to optimize radiation force used to move stones. We will
characterize the acoustic and thermal outputs of the new probes. We plan preclinical safety and effectiveness studies of imaging, repositioning, and comminution studies with improved probe
outputs. Preclinical data will be resubmitted to FDA for a second clinical trial with the improved probe and outputs. We will work toward clinical trials with BWL. We have used preclinical data
generated with NSBRI funds to apply to NIH to pursue additional clinical trials to investigate the benefit of expelling small asymptomatic kidney stones, stone clearance with repositioning,
obstructing stone displacement, and stone detachment.

Kidney stones have long been near the top of NASA's list of concerns; mitigating Gap 4.02 medical condition Nephrolithiasis is a must for all missions beyond the ISS. Likewise, stones have
plagued humans since ancient Egypt. Currently, one in eleven Americans has suffered from stones - more than have diabetes or cardiovascular disease. Dehydration, stasis, and bone
demineralization are strong contributors to kidney stones, and occur in microgravity, increasing the risk of stones in space. Stones are often debilitating, and pilots cannot fly with stones. Stones
occurred on a Russian space mission, and the mission was nearly aborted before the stone passed. Over 30 stones have occurred shortly following even short duration space flights. NASA has
collected compelling evidence for concern on its website  https:// . Additionally, since the website publication, the total number of astronaut stone episodes has more than doubled, and a drug
introduced to combat visual impairment/intracranial pressure has exacerbated the risk. Science, experience, and the negative medical consequences support concern for the risk of stones in space.
NASA and NSBRI have focused considerable attention on stones and made progress. However, there are many types of stone disease, and it is unlikely that stone disease will ever be completely
prevented on Earth or in space. We propose a way to prevent or minimize the consequences of any stones that form while in space. The treatment for most kidney stones is to encourage natural
passage. To quote NASA's expectations in space Based on current Lifetime Surveillance of Astronaut Health (LSAH) data, 80 to 85% of in-flight cases of nephrolithiasis are expected to be best
case scenarios (defined as a renal stone that responds to conservative treatment, e.g., analgesics and hydration), and 15 to 20% would be worst case scenarios (defined as a renal stone that does not
respond to conservative treatment, e.g., requires lithotripsy or surgical treatment). Even surgery leaves residual fragments that must pass. Our technology provides the capability to reposition
stones within the kidney and ureter, which will enhance conservative treatment or surgery by accelerating and facilitating passage of stones or fragments. However, this does not have to be the
only use. The technology can also be used to reposition a stone to a non-obstructing location within the kidney to postpone surgery or to accelerate passage through the ureter, as proposed here.
Finally, the technology proposed in this grant also provides the capability to comminute the stone as in shock wave lithotripsy (SWL) with what we call burst wave lithotripsy (BWL).

AIM 1. Refine ultrasound probes to detect, reposition, and fragment kidney stones. Task 1.1. Select imaging probe for stone repositioning. Clinical trials are underway with the C5-2 probe of ISS
Ultrasound 1. Awaiting delivery of probe to be used with NASA FUS-GDU. Task 1.2. Custom design probe to image, reposition, and fragment stones. Developed and tested probe. Integrating
probe with FUS and modifying imaging portion to be smaller.

AIM 2. Validate probes to visualize, reposition, and fragment stones. Task 2.1. Validate capability to displace an obstructing stone. Pursuing initial test in current clinical trial and applying for
follow-on trial. Pre-clinical investigations of safety and effectiveness conducted with upgraded outputs. Task 2.2. Validate capability to displace a ureter stone. Followed schedule and did not
pursue in year 1. Task 2.3. Validate capability to comminute a stone. Invented, patented, and reported burst wave lithotripsy BWL. Appears to have faster comminution than SWL, comminute
stones that are difficult to break with SWL, have effectiveness and safety feedback, and be operable in a safe range. Task 2.4. Validate capability to expel a stone attached to tissue. Enhanced
outputs and developed BWL to address this task. Testing underway.

AIM 3. Refine and validate imaging to guide therapy. Task 3.1. Refine and validate capability to measure stone size. Reported and patented significant enhancement with our technology and
technique. Task 3.2. Refine capability to localize a stone. Initiated clinical validation now at the end of year 1. Task 3.3. Refine and validate capability to detect a ureter stone. Followed schedule
and did not pursue in year 1.

Description: (Last Updated: 11/05/2023)

Lee F, Hsi R, Sorensen M, Paun M, Dunmire B, Liu Z, Bailey M, Harper J. "Shockwave Lithotripsy with Renoprotective Pause Is Associated with Renovascular Vasoconstriction in Humans."
2014 Annual Meeting of the American Urological Association, Orlando, FL, May 16-21, 2014.
Journal of Urology 2014 Apr;19(4 Suppl):e203. http://dx.doi.org/10.1016/j.juro.2014.02.741 , Apr-2014

Bailey MR, Wang YN, Simon J, Hsi RS, Harper JD, Sorensen MD, Starr F, Paun M, Cunitz B, Liggitt HD, Evan AP, McAteer JA. "Ultrasonic propulsion of kidney stones." American Urological
Association (AUA) Annual Meeting, San Diego, CA, May 4-8, 2013. Invited plenary presentation.
AUA Annual Meeting, San Diego, CA, May 4-8, 2013. , May-2013

Crum LA. "Recent advances in medical ultrasound." APS (American Physical Society) March Meeting 2014, Denver, CO, March 3-7, 2014.
Bulletin of the American Physical Society. 2014 Mar;59(1):Abstract ID: BAPS.2014. MAR.M23 4. http://meetings.aps.org/link/BAPS.2014. MAR.M23 4 ; accessed 6/4/2014. , Mar-2014

Crum L, Cunitz BW, Dunmire B, Harper J, Kaczkowski P, Kucewicz J, Lu W, Paun M, Sapozhnikov O, Simon J, Sorensen MD, Starr F, Wang YN, Bailey MR. "Recent developments in
therapeutic ultrasound: Kidney stone imaging and repositioning by ultrasound." Opening Plenary Paper at the 2013 International Congress on Ultrasonics, Singapore, May 2-5, 2013.
2013 International Congress on Ultrasonics, Singapore, May 2-5, 2013. , May-2013

Bailey M, Cunitz B, Dunmire B, Wang YN, Maxwell A, Sapozhnikov O, Harper J, Sorensen M, Hsi R, Lee F, Crum L. "Stone Specific Ultrasound Mode for the Diagnoses and Treatment of
Kidney Stones in Space." 85th Annual Scientific Meeting, Aerospace Medical Association, San Diego, CA, May 10-15, 2014.

Aviation, Space, and Environmental Medicine. 2014 Mar;85(3):318-9. Abstract #357. See http://www.ingentaconnect.com/content/asma/asem/2014/00000085/00000003 for searching. ,
Mar-2014

Maxwell AD, Cunitz BW, Kreider W, Sapozhnikov OA, Hsi RS, Harper JD, Bailey MR, Sorensen MD. "Fragmentation of kidney stones in vitro by focused ultrasound bursts without shock
waves." 166th Meeting of the Acoustical Society of America, San Francisco, CA, December 2-6, 2013.
J Acoust Soc Am. 2013 Nov;134(5):4183. http:/dx.doi.org/10.1121/1.4831340 , Nov-2013

Bailey MR, Wang Y-N, Simon JC, Cunitz BW, Harper JD, Hsi RS, Starr F, Paun M, Dunmire B, Sapozhnikov OA, Crum LA, Sorensen MD. "Acoustic radiation force to reposition kidney
stones." Proceedings of Meetings on Acoustics. 2013 Jun;19(1):045016. http://dx.doi.org/10.1121/1.4799599 Jun-2013

Connors BA, Evan AP, Blomgren PM, Hsi RS, Harper JD, Sorensen MD, Wang YN, Simon JC, Paun M, Starr F, Cunitz BW, Bailey MR, Lingeman JE. "Comparison of tissue injury from
focused ultrasonic propulsion of kidney stones versus extracorporeal shock wave lithotripsy." J Urol. 2014 Jan;191(1):235-41. Epub 2013 Aug 2. http://dx.doi.org/10.1016/.juro.2013.07.087 ;
PubMed PMID: 23917165: PubMed Central PMCID: PMC3865142 » Jan-2014


https://humanresearchwiki.jsc.nasa.gov/index.php?title=Nephrolithiasis
http://dx.doi.org/10.1016/j.juro.2014.02.741
http://meetings.aps.org/link/BAPS.2014.MAR.M23.4
http://www.ingentaconnect.com/content/asma/asem/2014/00000085/00000003
http://dx.doi.org/10.1121/1.4831340
http://dx.doi.org/10.1121/1.4799599
http://dx.doi.org/10.1016/j.juro.2013.07.087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=23917165
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3865142

Task Book Report

Articles in
Peer-reviewed
Journals

Articles in
Peer-reviewed
Journals

Articles in
Peer-reviewed
Journals

Articles in
Peer-reviewed
Journals

Articles in
Peer-reviewed
Journals

Articles in
Peer-reviewed
Journals

Articles in
Peer-reviewed
Journals

Articles in
Peer-reviewed
Journals
Articles in
Peer-reviewed
Journals
Articles in
Peer-reviewed
Journals
Articles in
Peer-reviewed
Journals
Articles in
Peer-reviewed
Journals
Awards
Awards
Awards
Awards

Awards

Dissertations and
Theses

NASA Technical
Documents

Significant Media
Coverage

Significant Media
Coverage

Significant Media
Coverage

Significant Media
Coverage

Significant Media
Coverage

Significant Media
Coverage

Significant Media
Coverage

Significant Media
Coverage

Generated on: 04/26/2024

Wang YN, Simon JC, Cunitz BW, Starr FL, Paun M, Liggitt DH, Evan AP, McAteer JA, Liu Z, Dunmire B, Bailey MR. "Focused ultrasound to displace renal calculi: threshold for tissue
injury." J Ther Ultrasound. 2014 Mar 31;2:5. eCollection 2014. http://dx.doi.org/10.1186/2050-5736-2-5 PubMed PMID: 24921046; PubMed Central PMCID: PMC4036593 , Mar-2014

Harper JD, Dunmire B, Wang YN, Simon JC, Liggitt D, Paun M, Cunitz BW, Starr F, Bailey MR, Penniston KL, Lee FC, Hsi RS, Sorensen MD. "Preclinical safety and effectiveness studies of
ultrasonic propulsion of kidney stones." Urology. 2014 Aug;84(2):484-9. http://dx.doi.org/10.1016/j.urology.2014.04.041 ; PubMed PMID: 24975708; PubMed Central PMCID: PMC4304777 »
Aug-2014

Harper JD, Sorensen MD, Cunitz BW, Wang YN, Simon JC, Starr F, Paun M, Dunmire B, Liggitt HD, Evan AP, McAteer JA, Hsi RS, Bailey MR. "Focused ultrasound to expel calculi from the
kidney: safety and efficacy of a clinical prototype device." J Urol. 2013 Sep;190(3):1090-5. Epub 2013 Apr 9. http:/dx.doi.org/10.1016/j.juro.2013.03.120 ; PubMed PMID: 23583535 ; PubMed
Central PMCID: PM(4414252 , Sep-2013

Kreider W, Maxwell AD, Khokhlova TD, Simon JC, Khokhlova VA, Sapozhnikov OA, Bailey MR. "Rectified growth of histotripsy bubbles." Proceedings of Meetings on Acoustics. 2013
Jun;19(1):075035. http://dx.doi.org/10.1121/1.4800326 , Jun-2013

Sorensen MD, Bailey MR, Hsi RS, Cunitz BW, Simon JC, Wang YN, Dunmire BL, Paun M, Starr F, Lu W, Evan AP, Harper JD. "Focused ultrasonic propulsion of kidney stones: review and
update of preclinical technology." J Endourol. 2013 Oct;27(10):1183-6. Review. http://dx.doi.org/10.1089/end.2013.0315 5 PubMed pMID: 23883117; PubMed Central pMCID: PMC3787400 »
Oct-2013

Hsi RS, Dunmire B, Cunitz BW, He X, Sorensen MD, Harper JD, Bailey MR, Lendvay TS. "Content and face validation of a curriculum for ultrasonic propulsion of calculi in a human renal
model." J Endourol. 2014 Apr;28(4):459-63.  http://dx.doi.org/10.1089/end.2013.0589 ; PubMed PMID: 24228719; PubMed Central PMCID: PMC3961775 - Apr-2014

Poliachik SL, Khokhlova TD, Wang YN, Simon JC, Bailey MR. "Pulse focused ultrasound treatment of muscle mitigates paralysis-induced bone loss in the adjacent bone: a study in a mouse
model." Ultrasound Med Biol. Published online May 23, 2014. In press.  http://dx.doi.org/10.1016/j.ultrasmedbio.2014.02.027 ; PubMed PMID: 24857416 , May-2014

Sapozhnikov O, Lu W, Bailey M, Kaczkowski P, Crum L. "Bubbles trapped on the surface of kidney stones as a cause of the twinkling artifact in ultrasound imaging." Proceedings of Meetings
on Acoustics. 2013 Jun;19(1):075033.  http://dx.doi.ore/10.1121/1.4800292 , Jun-2013

Simon JC, Sapozhnikov OA, Khokhlova VA, Wang Y-N, Crum LA, Bailey MR. "Ultrasonic atomization: A mechanism of tissue fractionation." Proceedings of Meetings on Acoustics. 2013
Jun;19(1):075036. http://dx.doi.org/10.1121/1.4800304 » Jun-2013

Khokhlova TD, Wang YN, Simon JC, Cunitz BW, Starr F, Paun M, Crum LA, Bailey MR, Khokhlova VA. "Ultrasound-guided tissue fractionation by high intensity focused ultrasound in an in
vivo porcine liver model." Proc Natl Acad Sci U S A. 2014 Jun 3;111(22):8161-6. http:/dx.doi.org/10.1073/pnas. 1318355111 ; PubMed PMID: 24843132 ; PubMed Central PMCID:

PMC4050569 , Jun-2014

Wang Y-N, Simon JC, Cunitz B, Starr F, Paun M, Liggitt D, Evan A, McAteer J, Williams J, Liu Z, Kaczkowski P, Hsi R, Sorensen M, Harper J, Bailey MR. "Ultrasound intensity to propel
stones from the kidney is below the threshold for renal injury." Proceedings of Meetings on Acoustics. 2013 Jun;19(1):075066. http://dx.doi.org/10.1121/1.4800361 » Jun-2013

Kreider W, Yuldashev PV, Sapozhnikov OA, Farr N, Partanen A, Bailey MR, Khokhlova VA. "Characterization of a multi-element clinical HIFU system using acoustic holography and nonlinear
modeling." IEEE Transactions on Ultrasonics, Ferroelectrics and Frequency Control. 2013 Aug;60(8):1683-98. http://dx.doi.ore/10.1109/TUFEC.2013.2750 , Aug-2013

Cunitz B, Dunmire B, Paun M, Starr F, Wang Y. "University of Washington Distinguished Staff Award, April 2014." Apr-2014
Simon J. "NSBRI Fellowship, February 2014." Feb-2014

Crum L. "Acoustical Society of America Gold Medal, June 2013." Jun-2013

Crum L. "The William and Francis Fry Honorary Fellowship for Contributions to Therapeutic Ultrasound, April 2014." Apr-2014

Bailey M. "Elected to Acoustical Society of America Executive Council, April 2014." Apr-2014
Simon J. "The thresholds and mechanisms of injury by focused ultrasound." Dissertation, Bioengineering, University of Washington, December 2013. , Dec-2013

Bailey MR. "Draft plan to integrate kidney stone imaging and repositioning into the Flexible Ultrasound Ground Demonstration Unit." Submitted to William Thompson, FUS Integration Lead
and NSBRI headquarters, September 2013. , Sep-2013

Sullivan C. "Online news article, 'UW testing kidney stone treatment that doesn't need a hospital visit.' Online article about Dr. Bailey's research. " MYNorthwest.com January 14, 2014 @ 6:26
am (Updated: 11:03 am - 1/14/14) http://mynorthwest.com/11/2432495/UW-testing-kidney-stone-treatment-that-doesnt-need-a-hospital-visit ; accessed 6/4/14., Jan-2014

Yard DH. (Delicia Honen Yard) "Expert Q&A." Renal & Urology News Q and A series. May 2014. http://www.renalandurologynews.com/expert-ga/section/2304/ ; accessed 6/4/14., May-2014

Fulwiler D. "Online article about Dr. Bailey's research, 'Former ITHS Grant Awardee's Ultrasound Device Begins Clinical Trials.' " Institute of Translational Health Sciences online article, January
2014., Jan-2014

AUA Daily News Editor. "Article about Dr. Bailey's research, 'New Device uses ultrasonic propulsion to move stones in the kidney."' " TriStar AUA Daily News, May 7, 2013, p. 13., May-2013

Hickey H. "Article about Dr. Bailey's research: 'Trial to test using ultrasound to move kidney stones.' " University of Washington online article, January 10, 2014.
http://www.washington.edu/news/2014/01/10/trial-to-test-using-ultrasound-to-move-kidney-stones/?utm_source=rss&utm_medium=rss&utm_campaign=trial-to-test-using-ultrasound-to-move-k

; accessed 6/4/14., Jan-2014

Wessells H. " 'Rolling Stones' article on Dr. Bailey's research.” UW Urology Newsletter 2013., Jul-2013

Enerson J. "TV report, King 5 evening news, about PI's research." Healthlink section, TV report, King 5 evening news, January 10 2014. , Jan-2014

Hsi R, Sorensen M. "Focused ultrasonic propulsion of kidney stones, 'Beyond the Abstract.' Online article expanding on previously published article, 'Focused Ultrasonic Propulsion of Kidney
Stones: Review and update of preclinical technology.' Published J Endourol. 2013 Oct;27(10):1183-6. http:/dx.doi.org/10.1089/end.2013.0315 5 PubMed pMID: 23883117 " UroToday —
Beyond the Abstract, January 8, 2014., Jan-2014

Page 3 of 3


http://dx.doi.org/10.1186/2050-5736-2-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=24921046
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4036593
http://dx.doi.org/10.1016/j.urology.2014.04.041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=24975708
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4304777
http://dx.doi.org/10.1016/j.juro.2013.03.120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=23583535
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4414252
http://dx.doi.org/10.1121/1.4800326
http://dx.doi.org/10.1089/end.2013.0315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=23883117
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3787400
http://dx.doi.org/10.1089/end.2013.0589
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=24228719
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3961775
http://dx.doi.org/10.1016/j.ultrasmedbio.2014.02.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=24857416
http://dx.doi.org/10.1121/1.4800292
http://dx.doi.org/10.1121/1.4800304
http://dx.doi.org/10.1073/pnas.1318355111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=24843132
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4050569
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4050569
http://dx.doi.org/10.1121/1.4800361
http://dx.doi.org/10.1109/TUFFC.2013.2750
http://mynorthwest.com/11/2432495/UW-testing-kidney-stone-treatment-that-doesnt-need-a-hospital-visit
http://www.renalandurologynews.com/expert-qa/section/2304/
http://www.washington.edu/news/2014/01/10/trial-to-test-using-ultrasound-to-move-kidney-stones/?utm_source=rss&utm_medium=rss&utm_campaign=trial-to-test-using-ultrasound-to-move-k
http://dx.doi.org/10.1089/end.2013.0315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=23883117

