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Abstract

Cardiac arrest and severe cardiopulmonary failure remain among the least mitigated medical risks in
human spaceflight. Current mission architectures assume that such events are essentially non-survivable
because conventional cardiopulmonary resuscitation (CPR) is difficult to perform in microgravity and
advanced life support technologies such as extracorporeal membrane oxygenation (ECMO) and extracor-
poreal CPR (ECPR) are too large, resource-intensive, and gravity-dependent for on-orbit use. As human
missions extend to cislunar space and Mars, this gap in critical-care capability becomes increasingly
unacceptable from both a crew safety and mission-assurance perspective.

We propose a compact, gravity-independent extracorporeal life support system specifically conceived
for human spaceflight applications. The system replaces the traditional blood—gas membrane interface
with a liquid-liquid gas exchange architecture. Venous blood is pumped through a mixing chamber
where it contacts an immiscible, oxygen-rich carrier liquid with very high gas solubility. Oxygen and
carbon dioxide exchange occur across the liquid-liquid interface, after which an active separator (such
as a hydrocyclone or centrifugal rotor) partitions the phases and returns oxygenated blood to the crew
member while recirculating the deoxygenated carrier liquid to a dedicated oxygenator.

By isolating blood from the primary gas-exchange membrane, this design reduces the total blood—
biomaterial interface and has the potential to decrease coagulation activation, platelet consumption, and
systemic anticoagulation requirements relative to conventional ECMO. The architecture is intrinsically
orientation-agnostic: separation is driven by controlled centrifugal fields rather than static gravity, and
the system avoids large upright reservoirs. This enables operation in microgravity, partial gravity, and
dynamic spacecraft environments, and supports packaging into a form factor compatible with crewed
vehicles and habitats.

The paper will outline a development roadmap from benchtop evaluation and ex vivo blood-loop test-
ing to large-animal ECPR models under simulated vehicle motion. We will map these milestones to a
notional human-spaceflight medical capability roadmap, discussing integration with existing medical kits,
crew training requirements, and operational concepts for use during long-duration missions. Potential
applications include on-orbit management of cardiac arrest, bridge-to-recovery support for severe respi-
ratory failure (for example, in toxic exposure or infectious scenarios), and use during surface operations
where evacuation to Earth is impossible.

By enabling portable, gravity-independent extracorporeal cardiopulmonary support with a reduced
anticoagulation burden, this concept offers a pathway toward a qualitatively new class of medical inter-
vention for astronauts, expanding the envelope of survivable medical emergencies in human spaceflight.
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