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Purpose: To investigate the effect of hyperoxia and hypercapnia on fitted T2* and S0 calculated from high-field multi-echo BOLD EPI data. 
Introduction: Hypercapnia and hyperoxia, induced using controlled gas challenges, may be used to probe physiological effects related to the Blood Oxygenation 
Level-Dependent (BOLD) contrast. Hypercapnia is a vasoactive stimulus which elicits increases in cerebral blood flow (CBF) and cerebral blood volume (CBV), 
with a concomitant decrease in venous de-oxyhemoglobin (dHb) saturation. Hyperoxia also reduces venous dHb by increasing hemoglobin saturation and 
dissolved plasma O2. The latter has the effect of shortening blood water T1 relaxation times which in turn can increase the intensity of the measured BOLD signal.  
Therefore, gas challenges may be used to modulate T2* and S0, which may give information on underlying physiological processes when performed in controlled 
manner with high signal-to-noise ratio. As such, the aim of this study was to examine the effects of hyperoxia and hypercapnia on these parameters by utilizing a 
controlled breathing apparatus at high field (7T). We interpret the 
findings in the context of existing physiological models. 
Methods: Healthy (n=3) volunteers were scanned on a Philips 7T 
scanner using a 32 ch receive coil (NOVA Medical). Multi-echo GE-
BOLD (α= 90°, TR= 3000 ms, TE= 4.38,28.01,51.56ms, EPI/SENSE 
39/3, resolution = 1.5x1.5x2mm, FOV= 216 x 40x 192mm, 
slices=20) were acquired during two (normoxic-hypercapnia (NH) 
and hyperoxic-hypercapnia (HH)) targeted breathing challenges 
(fig 1) delivered by a RespirAct gas control system (Thornhill 
Research Inc, Toronto, Can). Motion correction was performed 
using Elastix (Image Sciences Institute, UMC Utrecht). Voxel-wise T2* and S0 parameters (S(t) = 
S0*exp(-TE/T2*) were calculated for each image volume using log-linear regression. S0 and T2* maps 
were analyzed using a general linear model (FEAT – FSL FMRIB, Oxford) using end-tidal CO2 and O2 
traces (temporally resampled to match TR) as regressors (see fig 1). Data were spatially smoothed 
(Gaussian: 2mm FWHM). Z-statistic maps were produced which independently examined the effects 
of the NH and HH stimuli, on the fitted S0 and T2* timeseries data. Z-values were thresholded 
between -3 and -5 for negative correlations and 3 to 10 for positive correlations. 
Results:  Regressor = end-tidal CO2 (fig 2-A): Results for the NH challenge showed negative T2*- and 
S0-related Z-values in the ventricles (arrows fig 2A), and to a lesser extent, white matter regions in 
all three subjects. This correlation was less apparent for the HH challenge (fig 2A – bottom row). T2* 
Z-values were high in the grey matter for both challenges, but were generally lower for the HH 
challenge (fig 2A – left column. Regressor = end-tidal O2 (fig 2-B): Positive T2* changes were 
observed for both breathing challenges (fig 2-B: left) with diffuse, negatively correlated T2* changes 
throughout (not shown). For the S0 maps, positive Z-values were observed in regions that 
apparently correlated with large vessels, such as the sagittal sinus (arrow fig 2-B), and those located 
along the sulci. Clusters of negative S0 Z-values were observed throughout (data not shown). 
Discussion: The negative T2* Z-values observed in the ventricles (particularly the choroid plexus), 
and within the sulci support results shown in [1] and can be explained via changes in relative 
tissue/blood and CSF fractions. Hypercapnia causes an increase in CBV leading to a decrease in S0 in 
voxels where CSF and venous blood signals are averaged as reported by Thomas et. al [1]. In 
addition to their findings, we observe T2

* decreases for these regions which are likely caused by 
reduced extravascular BOLD contribution due to displacement by CSF [2]. Under hyperoxia, 
shortening of blood water T1 can lead to an increase in S0. Furthermore, increased venous Hb 
saturation due to hypercapnia related CBF increases (BOLD effect) reduces the maximum 
permissible T2* changes. These effects may combine to counteract the negative correlation in CSF 
and white matter observed under NH and explain the reduced T2* Z-values seen under hyperoxia. 
The end-tidal O2 regressor revealed a positive correlation between O2 and signal changes amongst 
large vessels, particularly the sagittal sinus. Here, shortening of T1 due to increased venous 
oxygenation likely leads to an increase of the extravascular steady state signal as suggested by the 
increased S0-, and associated Z-values. The large positive T2* correlation seen across the entire brain 
is related to the increase in venous oxygenation under hyperoxia. Ongoing work will investigate the 
effects of different stimulus paradigms to shed further light on the influence of hypercapnia and 
hyperoxia on T2* and S0. Accurate understanding of the vascular effects of HN and HH stimuli is 
necessary when employing these stimuli for assessing CVR in disease and health. 
Conclusion: Hypercapnia and hyperoxia can be used to modulate both T2* and S0 which may shed a 
light on the physiological phenomena underpinning the BOLD effect in different areas of the brain. 
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Fig 2A: Z-statistic maps when using end-tidal CO2 as a 
regressor. Negative T2* and S0 Z-values (top arrows) 
seen in ventricles under normoxia but not hyperoxia. A 
significant T2* response seen in GM for both challenges. 
Fig 2B: Significant positive T2* response due to 
hyperoxia (left). Significant positive S0 response 
correlating with large vessels seen in response to 
hyperoxia. White arrow highlights saggital sinus (right-
bottom).  

Fig 1: example end tidal CO2 and O2 traces used as regressors for general linear model. 
The timing of the breathing paradigms for NH and HH are given. 
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