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Abstract

Urolithiasis occurs when solutes crystallize out of urine to form stones within the urinary tract. One
in 11 individuals in the United States is affected by kidney stones, accounting for over $5 billion in
annual healthcare costs. Recent studies indicate that the global prevalence of urolithiasis is rising, with
lifestyle factors, dietary habits, and associated comorbidities cited as contributing factors. While 80-90%
of cases resolve with spontaneous passage, approximately 3-20% require hospital admission and subsequent
urological intervention due to complications such as urinary tract obstruction, dehydration, severe nausea
and vomiting, or sepsis.

Microgravity has been shown to affect renal and urinary function through physiologic alterations in
bone metabolism, fluid distribution, and urinary chemistry. Biochemical changes, including hypercalci-
uria, hyperphosphaturia, hypocitraturia, and aciduria, significantly increase the risk of stone formation
among astronauts. Additionally, microgravity itself may directly promote crystal nucleation and aggre-
gation. Studies have demonstrated the potential of potassium citrate and vitamin D supplementation to
reduce the risk of stone formation. However, despite these measures and careful astronaut selection, 36
renal calculi have been reported among 22 crew members since 2016. Should an event occur on a lunar or
deep-space mission, immediate intervention would be needed to prevent further injury and complications.
Accordingly, a comprehensive review of current countermeasures and available in-flight interventions is
warranted.

Over the past few decades, spaceflight has evolved from low-Earth orbit missions involving highly
selected astronauts to prolonged habitation and increasingly commercialized missions. As a result of
this shift, health risk mitigation has become a mission-critical priority. The operational consequences
of kidney stone formation, obstruction, or infection during deep-space missions—where evacuation is
not feasible—pose significant threats to crew safety and mission success. This review aims to synthesize
current evidence regarding spaceflight-induced urolithiasis, examine existing countermeasures, and explore
emerging in-flight diagnostic and therapeutic technologies. Addressing the risk of kidney stones is essential
to ensuring crew safety during long-duration missions beyond Earth orbit.



