
SPACE-COT: Studying the Physiological and 
Anatomical Cerebral Effects of Carbon Dioxide and 
Head Down Tilt: An International Collaborative Study 



 Assess the operational capabilities of 
:envihab to simulate features of the space-
flight environment. 

 Obtain pilot study data on combined effects 
of head-down tilt (HDT) and elevated CO2. 

 Evaluate innovative non-invasive 
technologies to evaluate the effects of the 
environment on the brain, eye, and systemic 
body systems 

 
 



 Elevated CO2 would increase cerebral blood 
flow due to vasodilatory effects 

 HDT may increase cerebral blood flow due to 
hydrostatic increases of cerebral perfusion 
pressure 

 Increased ICP (hydrostatic effects) 
 Cognition would worsen with elevated CO2 

exposure. 



http://www.dlr.de/envihab/en/ 











Non-invasive measurement of  
intracranial pressure 



Non-invasive continuous measurements of 
brain blood flow rate 



Courtesy of Chethan Venkatasubba Rao, MD 

Non-invasive continuous measurements of 
brain fluid volume (blood, CSF) 



Non-invasive continuous measurements of 
brain blood oxygenation with concurrent 

cognitive functional assessment 



Non-invasive high resolution measurements of 
ocular structures 



Imaging of the brain and ocular structures 



Subject Age Sex Weight 
(kg) 

Weight 
(lbs) 

Height 
(cm) 

Height 
(inch) 

BMI  
(nl 18.5-24.9) 

A 47 M 82.5 181.5 174 68.5 27.2 

B 43 M 
 

91.5 201.7 182.5 72 27.4 

C 39 M 
 

68.8 151.7 174.5 69 22.6 

D 33 M 
 

80.1 176.6 177.5 70 25.4 

E 39 M 
 

85.0 187.4 180 71 26.2 

F 43 M 
 

84.5 186.3 173 68 28.2 

Subjects simulate astronaut demographics 



 All subjects had varying degrees of  back 
pain moderate to severe, alleviated with 
pharmacological or mechanical methods 

 One subject with severe urinary 
retention in first HDT campaign 

 Good tolerance with atmospheres 
 Good tolerance with study procedures 

 
 



Atm 1 
0.5% CO2 

Atm 1 
0.5% CO2 

Atm 2 
room air 

Atm 2 
room air 



Slide courtesy of J. Rittweger, H. Stetefeld et al. 



Red = HDT + 0.5% co2; blue = HDT + room air, test CO2 = 3% CO2 

Slide courtesy of: J. Rittweger, H. Stetefeld et al. 



Slide courtesy of J. Rittweger, H. Stetefeld et al. 



 
 
• Mixed-effects regression (random=subj) 

– Significant: 
• Pulsatility ≈ condition +time +condition*time 

Sig. Interaction (p=0.002) 
 
Holds when adjusting for 
near detector signal. 

12:00         17:00 12:00        17:00 

CO2 Ambient 

Courtesy of Gary Strangman 



Courtesy of Larry Kramer, MD 



Results Summary I 

Task HDT alone versus HDT+ 0.5% CO2 Effect Size 

VOLT HDT faster response, more confident,  
but significantly less accurate than HDT + 0.5% CO2  

Large 

LOT HDT faster, but less accurate than HDT + 0.5% CO2 Medium 

PVT HDT alone slower, more lapses, and more false starts 
than HDT + 0.5% CO2 

Medium 

2-Back HDT alone less accurate, no difference in speed Small 

BART HDT alone slower, no difference in risk taking Small 

ERT HDT alone, no difference in accuracy Small 

No Difference between A1 and A2 for: 
- Motor Praxis   - Abstract Matching 
- Digit Symbol Substitution  - Matrix Reasoning 

Courtesy of M. Basner, J. Nasrini 



Courtesy of Karina Marshall-Goebel 



 Successfully conducted the first study and longest to date 
with 0.5% (atmospheric) CO2 (combined with HDT) 

 CBF velocities (TCD) increased with 0.5% CO2, and further 
with 3% CO2; no significant changes in CBF in HDT alone 
(compared to baseline) 

 Decreased CBF on MRI in HDT compared to supine 
baseline; restored partially with 3% CO2 

 Contrary to expectations, non-invasive ICP lower in CO2 
condition, and no significant increases from upright 
baseline 

 Contrary to expectations, in the HDT position, there was 
better cognitive function with atmospheric CO2 present in  
some subtasks of the Cognition task (Visual object 
learning and psychomotor vigilance) 
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