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Reduced exercise capacity, orthostatic tolerance, and plasma volume are common observances following space flight
and bed rest. Dr. Steve Platts of the Johnson Space Center Cardiovascular Laboratory investigated the relationship
between orthostatic hypotension and plasma volume by pharmacologically inducing hypovolemia in normal healthy
subjects. The Exercise Physiology and Countermeasures (ExPC) Project and the Cardiovascular Discipline sought to
extend this work to gain an improved understanding of the factors involved in decreased exercise capacity. Following
orthostatic testing in normal and hypovolemic conditions, subjects recruited by Dr. Platts’s team volunteered to perform
a graded cycle exercise test to volitional fatigue to determine peak oxygen consumption (VO2pk). Oxygen consumption,
heart rate, rating of perceived exertion, and blood pressure were measured per standard laboratory protocols.
Additionally, echocardiographic measures of stroke volume, blood lactate, plasma catecholamines, and peripheral
muscle metabolism by near infrared spectroscopy were measured. Data from these testing sessions has been used to
assist in understanding the factors associated with reduced exercise capacity after space flight, serve as a basis of
comparison for responses to similar tests after space flight and bed rest; and aided in the continued development of near
infrared spectroscopy as a non-invasive metabolic measurement system for space flight and extravehicular activities.

The primary focus of this project was to determine the contribution of space-flight induced plasma volume loss on
post-flight aerobic exercise capacity. Also, as part of this project near infrared spectroscopy (NIRS), a measure of local
tissue oxygenation and an index of metabolism, was assessed an adjunct measure of the response to exercise and for its
sensitivity to changes in body fluid status.

(Ed. note: updated 8/8/2013; original report 1/4/2011).

The data collection for this project was completed with 12 subjects (8 men, 4 women) participating in exercise testing in
both the normovolemic and hypovolemic conditions. In summary, IV furosemide resulted in plasma volume losses in
these subjects which were comparable to those observed following long-duration space flight. However, the decrease in
aerobic capacity (peak oxygen consumption) was only one half to one third of that observed after space flight.
Therefore, space flight-induced decrease in plasma volume contributes to but does not fully explain post-flight
reductions in exercise capacity. Because previous reports have suggested that inflight exercise countermeasures can
mitigate these losses, other factors related to space flight-induced deconditioning likely contribute to the remaining
portion of the post-flight decrease in exercise capacity. A report of these findings was delivered to the Exercise
Physiology and Countermeasures Project, and a manuscript is in preparation for potential publication in a peer-reviewed
scientific journal.

The pharmacological countermeasures portion of this project was canceled before data collection for that arm of the
study was initiated. Therefore, there are no exercise tolerance data related to effects of pharmacological interventions for
orthostatic intolerance.
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