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BACKGROUND:  To ensure the safety of astronauts performing EVAs on long-duration spaceflight missions, it 

will be vital to predict EVA success and determine if astronauts are fatiguing during EVAs.  It is currently unclear 

what (if any) physiological measurements allow for the prediction of EVA task-failure.  Therefore, the purpose of 

the current project was to determine if the obtained physiological measurements provide the requisite information 

for predicting astronaut fatigue during EVAs.  METHODS:  To date, 7 subjects (age: 24.7 ± 3.5 yrs, height: 173 ± 

7.5 cm, and weight: 85.6 ± 20.7 kg) have completed the entire study.  Maximal oxygen uptake (  O
2max

) was 

determined from an incremental treadmill test and validation test.  Our planetary navigation field test (PNFT), 

consisting of a ladder climb, fore/aft movements, stair climb, rock wall traverse, weighted object lifting, and step-

over/under tasks, was used to simulate EVAs.  Lunar   O
2
 (~20 ml/kg/min) and Martian   O

2
 (~30 ml/kg/min) were 

evoked by pacing the subjects through the PNFT.  These   O
2
 values have previously been reported for EVAs in 

these environments.  The simulated EVAs were matched for time and subjects completed 5 laps at the Lunar pace 

and 9 laps at the Martian pace, unless task-failure occurred 

prior to completion.  Throughout the simulated EVAs 

measurements of gas exchange, vastus lateralis 

oxygenation, and vastus lateralis electromyography (EMG) 

were obtained.  Statistical significance was accepted as p < 

0.05 and all data are presented as mean ± standard 

deviation.  RESULTS: All subjects were able to complete 

the required number of laps at the Lunar pace.  However, 3 

of the 7 subjects failed to complete the required number of 

laps at the Martian pace.  Thus, the subjects were separated 

into two groups based on completion of the Martian 

simulated EVA (COM) or failure to complete the Martian 

simulated EVA (FAIL).  Absolute   O
2
 was not significantly 

different between groups throughout the Lunar EVA (Figure 

1C).  When expressed as a percentage of   O
2max

 the FAIL 

group achieved significantly higher values throughout both 

Lunar and Martian EVAs (Figure 1D).  Throughout both 

Lunar and Martian EVAs, the COM   O
2
 was not 

significantly different over the final 3 laps.  The FAIL   O
2
 

was not significantly different over the final 3 laps for the 

Lunar EVA, but significantly increased until task-failure in 

the Martian EVA.  Muscle deoxygenated-

[hemoglobin+myoglobin] (deoxy-[Hb+Mb]) (Figure 1A) 

and EMG root mean squared (RMS) (Figure 1B) were not 

significantly different between groups during both the 

Lunar and Martian EVAs.  CONCLUSIONS:  To date, 

these results suggest that whole-body   O
2
 data provide a 

better indication of impending EVA task-failure than vastus 

lateralis oxygenation and EMG data.  Thus, real-time   O
2
 

measurements will be a vital part of long-duration 

spaceflight EVAs and should be measured in astronauts 

during EVAs.  Interpretation of the   O
2 

data with respect to 

the exercise intensity domains will allow astronauts and the 

monitoring staff to determine the appropriate intensity in 

which an EVA should be completed, as these domains have 

robust characteristic   O
2
 responses that can indicate fatigue.  
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