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Target audience: Neuroscientists who investigate brain plasticity using MR-based computational neuroanatomy, such as voxel-based 
morphometry. 

Purpose: Computational anatomy studies typically use T1-weighted contrast to look at local differences in cortical thickness or grey 
matter volume across time or groups. These comparisons could suffer from vascular and metabolic biases arising from lifespan 
changes, the effect of disease, or to the effect of short-term plasticity1,2. Differences in blood flow and volume could arise from 
vasodilation or differences in vascular density, and result in a larger blood compartment3,4 within grey matter voxels. Metabolic 
changes could lead to differences in dissolved oxygen in brain tissue, leading to T1 shortening5,6. Here, we compare T1 maps acquired 
during air, hypercapnia (increased CO2) and hyperoxia (increased O2) to identify the range of bias in computational anatomy that can 
be expected from changes in blood flow, volume and dissolved O2 concentration.  

Methods: MP2RAGE data was acquired in 8 healthy participants (3 females, age 23-29) with the following parameters: (TI1/TI2 = 
900/2750 ms, TR = 5 s, TE = 2.35 ms, α1/α2 = 5°/3°, bandwidth = 250 Hz/Px, echo spacing = 6.8 ms, partial Fourier = 6/8, GRAPPA = 
3, 1mm3). The acquisition was repeated four times under the following breathing conditions: room air, hypercapnia (5% CO2, 21%O2, 
74% N2), room air, hyperoxia (100% 02). Gases were administered through a mouth-piece and a nose-clip was used to prevent 
breathing through the nose. End-tidal values were monitored continuously. Acquisitions were started once the end-tidal values for each 
gas mixture had stabilized. The images for each subject were rigidly aligned in MNI space at 0.7 mm isotropic and segmented. The 
average T1 time of the cortex (GM probability > 75%) and the average cortical thickness were compared between the different 
breathing conditions using a Student’s paired t-test with Bonferroni correction for multiple comparisons. 

Results: The T1 maps of a single subject during the four breathing conditions are shown in Fig. 1. They look remarkably similar, yet 
the T1 and cortical thickness values differ. The group average T1 times of the cortex for the different breathing conditions are shown 
in Fig. 2. A statistically significant decrease in T1 during hypercapnia (5±3 ms) and hyperoxia (9±5 ms) is observed, although these 
differences are caused by distinct mechanisms. CO2 inhalation causes an influx of fully oxygenated blood through vasodilation, which 
may contribute to decreased T1 both through increased arterial blood content and tissue oxygen content. There is a small non-
significant difference in T1 between the first and second acquisition during air breathing that may be due to residual effects from the 
hypercapnic challenge during the second acquisition. On the other hand, during hyperoxia the concentration of dissolved oxygen in the 
brain tissue increases, which shortens the T15,6. We also observe a statistically significant increase in cortical thickness (0.09±0.06 
mm) during hypercapnia likely due to vasodilation and increased blood volume. This result is unlikely to be the result of T1 shortening 
since we did not observe a similar thickness difference with O2, despite a larger decrease in T1. 

Discussion: We showed that cortical grey matter T1 time decreases in hypercapnic and hyperoxic conditions, and that the cortical 
thickness increases during hypercapnia. It is important to consider these oxygenation and vascular confounds in structural MR studies 
of brain plasticity, aging and diseases. For instance, ageing studies could be confounded by differences in the age-related decreases in 
brain vascular density, perfusion and metabolism. Similarly, MR studies of acute changes in structure due to learning-induced 
plasticity may also be biased by residual transient local changes in metabolism, blood volume or flow after training. 
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Fig. 2: Group average T1 times of the cortex 
under different breathing conditions.  

Fig. 1: Single subject T1 maps. Fig. 3: Group average cortical thickness 
under different breathing conditions.  
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