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Introduction: Non-neuronal physiological fluctuations contribute significantly to blood oxygen level-dependent (BOLD) signal fluctuations in
resting state fMRI (rs-fMRI)'. Cardiac and respiratory signal components have been represented by the RVHR model', where slow-varying responses
to perturbations in respiratory volume (RV) and heart rate (HR) are modeled as linear filters. Here, we examine the shape of the cardiac filters, with
the aim of extracting information on natural or pathological changes in neurovascular autoregulation.

Method: With IRB approval, we scanned 10 healthy young volunteers (age 30+6), 8 elderly patients (age 79+7) with chronic kidney disease (CKD)
and associated hypertension (HTN), and 8 elderly normotensive volunteers with no history of CKD (age 65+5) at 3.0T (GE Healthcare, Waukesha,
WI) with physiological monitoring by fingertip photoplethysmography and respiratory belt. We calculated waveforms for RV (standard deviation of
respiratory belt recording) and HR (beats/minute) over a 6s sliding window. T1-weighted anatomic images were acquired using 3D IR-FSPGR,
registered to MNI space, and segmented into gray matter (GM) and white matter (WM). Whole-brain rs-fMRI data was acquired using 2D GRE EPI
(6min duration, flip angle 75°, TE 25ms, TR 2s, voxel 3.4x3.4x3.5mm’) and preprocessed thusly: RETROICOR?, registration to MNI space, motion
regression, and linear detrending. We fitted each voxel’s BOLD time course to the RVHR model: y(z) = RV(t)*h(t)+ HR(t)*h,(t)+¢(t), where
respiratory and cardiac filters i, and h, were maximum a posteriori Bayesian deconvolution solutions'. We then examined means of scalar features of
hy, including: 1) maximum [max(h,(t))]; 2) positive area under curve (AUC) [fmax(hh(t),O)dt]; 3) normalized positive AUC [fmax(hh(t),O)dt /
labs(hy(1))dr]. Statistical significance of pairwise comparison between groups was determined at 0=0.05 using the Wilcoxon rank-sum test with
Benjamini-Hochberg procedure for multiple comparisons. Finally, we grouped all voxel-wise /;, within each subject group into 8 clusters using k-
means clustering, and compared the set of mean filters from each cluster across subject groups.

Results: Means of all three cardiac filter features were found to significantly differ between the young normals and elderly normals, and between the
elderly HTN/CKD patients and elderly normals (Fig. 1). K-means clustering produced three sets of similarly shaped cluster mean filters, with similar
cluster sizes (Fig. 2). Consistent with previous research', no spatial pattern was observed in the cluster maps.
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Fig. 1: Group distributions of whole-brain mean cardiac filter features:
maximum value, positive AUC), and normalized positive AUC, with p-
values for statistically significant pair-wise comparisons. Results for GM
and WM are similar and not shown.
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Conclusion: We have identified three features potentially
related to the strength of cerebrovascular autoregulatory
processes responding to HR variations. Statistically
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