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The objective of this proposal is to refine and validate ultrasound to reposition kidney stones to prevent medical
complications on space exploration missions. The objective will be met by adding a probe and software to the Flexible
Ultrasound System. The probe will send ultrasound through the skin to create real time images of the stone and kidney
and also to move or fragment the stone within the kidney. In Aim 1, the probe(s) will be refined. The capability to
image and reposition stones will be added to 1) the kidney imaging probe of the FUS manufacturer and 2) a clinical 3D
probe. A third plug-and-play probe will also be developed to fragment kidney stones as a last resort. In Aim 2, the first
probe will be validated as a countermeasure for the contingency of stone formation. The five tasks in Aim 2 are to refine
and validate the capability 1) to displace a large blocking stone from occluding the exit of the kidney to delay treatment
and complications, 2&3) to detect and displace a medium-sized stone in the ureter to alleviate complications, 4) to expel
a small stone from the kidney to avoid complications, and 5) to measure the size of kidney stones to inform decision
making. Repositioning experiments will be conducted in animals where stones will be surgically implanted by
retrograde percutaneous nephrostolithotomy in a porcine model. Stone detachment will be tested in a second porcine
model in which a diet high in hydroxyproline produces small, attached kidney stones. Imaging and stone sizing will be
conducted first in animals and then in human subjects. This proposal is in response to the emphasis point of the
solicitation: “Refine and validate plug-and-play sensor and effector probes that integrate seamlessly with the proposed
NASA Flexible Ultrasound System and address or mitigate medical conditions likely to be encountered during
exploration missions.” It specifically addresses “ExMC Gap Report 4.13 Limited capability to diagnose and treat a renal
stone.” The work is significant because if a stone forms in space, there are limited options to minimize or reduce
complications — primarily analgesics, anti-inflammatories, and muscle relaxants — and potentially life threatening
consequences. With the substitution of a probe and new software, the proposed work provides the crew and flight
surgeons options to pass the stone, to prevent the stone from passing, to accelerate a stone that is passing, and if needed
to break the stone. And it works without restricting any other possible options.

New project for FY2013.
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