Performance of capnia-derived regressors for ASL measurement of cerebral vasoreactivity to circulating gases
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Introduction
Robustly measuring cerebral vasoreactivity to circulating gases in patients may provide valuable diagnostic information or insight into pathophysiological processes in a

variety of diseases [1]. MRI methods are increasingly used, combining modulation of capnia with dynamic imaging of perfusion either via ASL [2] or indirectly via the
BOLD signal. The correlation of the observed fMRI signal with a regressor modeling the response to changes in capnia is then used as a local measure of cerebral
vasoreactivity. A challenge in such studies is to correctly model the signal modulation occurring during the task, which may depend on subject compliance and
individual variability in the response to the capnic challenge. This is especially critical in ASL with its limited SNR, as any mismatch will further decrease sensitivity.
This has been addressed either via the use of open- or closed-loop systems aiming to generate vasoactive stimuli closely following a block paradigm [3], via exclusion
of data obtained during the transition periods between capnia states, or via the use of empirical population-average regressors [1]. Here we assess the performance of
regressors derived from hypercapnia data collected during each scanning session for the analysis of ASL data. The method has been applied to BOLD data
previously [4], but its performance has not been compared to other regressors to our knowledge. This approach potentially circumvents the need for cumbersome gas
administration equipment or high patient cooperation during a breath-hold task, while providing robustness to experimental variability.

Materials and Methods

Four healthy volunteers (23+2 years) and two patients (arterio-venous malfunction and a stroke patient, day 15) were examined in a Philips Achieva 3T Tx system using
protocols approved by the local ethics committee. Acquisitions, performed with a 32-channel head-only receive array, included a T,-weighted structural image, an ASL
reference scan and one series of pseudo-continuous ASL data [5] (WET pre-saturation, 1650 ms label, 1525 ms post-label delay) using a multi-slice single-shot EPI
readout (3x3x6 mm?’, 20 slices, TE 12 ms, sense 2.5) with a TR of 4 s for a duration of 12 min. Capnia was modulated in a 1/2/1 min paradigm (3 cycles) by alternating
air and an air/CO, mixture (7% CO,, 21% 0,, balance N,) administered at 12 I/min via a high-concentration face mask. End-tidal CO, was measured via nasal cannula
using an MR-compatible capnometer, and recorded together with scanner triggers for synchronization. Data were analyzed using Matlab, the SPM software and custom
routines. Images were realigned after removing any systematic bias in realignment parameters between tag and control images. Frames exhibiting strong motion were
marked for exclusion from the subsequent analysis. Structural images were segmented and all images were normalized to the MNI template. Functional data were
smoothed in 3D using an 8-mm Gaussian kernel. ASL signal amplitude was scaled to express the difference between control and tag images in units of ml/100g.min.
Outliers in hypercapnia data were discarded and data were interpolated to the pCASL
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The capnia regressor produced on average 5% higher t-scores than the block regressor, a small
difference with respect to the variability of t-scores within the ROI but highly significant
(p<0.001) for all subjects but one, given the large number of voxels sampled. Excluding frames
during the transition periods reduced the t-score by 12% for the capnia regressors and by 5% for
the block regressors. The reduction in t-score expected from the loss in degrees of freedom alone
is 14%, indicating that signal during the transition periods was well modeled by the capnia
regressor. Ignoring transition periods did not affect the response amplitude for the capnia
regressors but increased the measured response by 8% for the block regressors. CVR values i 2 3 4 5 G
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patient respiratory response to hypercapnia than traditional block designs, and thus to be useful to Subject
further increase robustness of ASL vasoreactivity measurements in the clinic.
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