Investigating the neural basis of the default mode network using blind hemodynamic deconvolution of resting state fMRI data
Sreenath Pruthviraj Kyathanahally'?, Karthik R Sreenivasan', Daniele Marinazzo®, Guorong Wu**, and Gopikrishna Deshpande'-

'AU MRI Research Center, Department of Electrical and Computer Engineering, Auburn University, Auburn, Alabama, United States, *Department of Clinical
Research, Unit for MR Spectroscopy and Methodology, University of Bern, Bern, Switzerland, *Department of Data Analysis, Ghent University, Ghent, Belgium,
“School of Life Science and Technology, University of Electronic Science and Technology of China, Chengdu, China, >Department of Psychology, Auburn University,
Auburn, Alabama, United States

Introduction: Default mode network (DMN) is one of the most important resting state networks (RSNs) in the brain which has been extensively investigated using
functional magnetic resonance imaging (fMRI). Since the fMRI time series at each voxel is the convolution of an underlying neural signal with the hemodynamic
response (HRF), there is a debate on whether the DMN has a neural origin or is at least in part (or at most fully) a consequence of hemodynamic processes and
physiological noise that arise due to cardiac pulsation and respiration. In order to investigate this, we performed blind hemodynamic deconvolution of resting state (RS)
fMRI data that was acquired with different repetition times and magnetic field strength. Subsequently functional connectivity maps were found using seed based
correlation analysis on latent neuronal signals with a posterior cingulate seed in order to identify the DMN. The basic anatomical structure found with deconvolved
fMRI data was very similar to that found using fMRI data pre-processed using standard procedure. This provides strong evidence that the DMN has a neural origin and
cannot be just a consequence of hemodynamic processes and physiological noise. Also, blind deconvolution provides a convenient way of obtaining RS brain networks
from neural oscillations without potentially removing physiological fluctuations in BOLD data which haye been recently shown to be related to neuronal processes.

Table 1: Data acquisition Parameters I FMRI data (NIFTI) I
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3 Tesla EPI 1000 ] 35x35x6 | 64x064x16 | 24 3Tls | Reaug;‘mm ] 'I Regress head motion

3 Tesla MB-EPI 600 353556 | 64x064x16 | 9 3T.6s .

7 Tesla MB-EPI 2000 | 2x2x3 64x64x16 | 12 TTls Normalization (resample L pect-raw

7 Tesla MB-EPI | 1000 | 2x2x3 G4xG6ax 16 | 12 TT2s L B
Method: Resting state fMRI data were collected using Single-shot gradient-recalled echo planar | Detrending ]
imaging (EPI) and Multiband EPI (MB-EPI) sequence [1] with the parameters shown in Table 1. . :
The data was preprocessed as shown in Figure 1 and analyzed using SPM8 [2], DPARSF [3] and | Filter (0.01-0.1 HZ) ]H_‘
REST [4] toolboxes. The whole data was divided into three categories based on the preprocessing - i Rewyass nulzance covarstes
steps and called “rest-raw”, “rest-covremoved” and ‘“rest-filtered-covremoved” (Fig 1). Blind N”'sa'::fn;t:'rlams tWh:,::__,: ::t:;;:ii :I,;nead
hemodynamic deconvolution of resting state data was applied only to the rest-raw and rest- T 'L
covremoved data to remove the HRF from the fMRI data so as to obtain underlying latent neural restfiltered-covremaved ekt comramaed

signals using the approach proposed by Wu et al [5]. A seed based correlation analysis (SCA) witha T = ;
seed at the posterior cingulate cortex (PCC), was applied to deconvolved rest-raw data, deconvolved Figure .1’ A ;chematlc illustrating 'three different fMRI pre-
rest-covremoved data and rest-filtered-covremoved data to get functional connectivity (FC) maps. ~ Processing plpehnes. corresponding  to  rest-raw,  rest-
These maps were then subjected to one-sample t-test (corrected p<0.01) [6,7] to get the group FC t- covremoved and rest-filtered-covremoved data
map. The FC maps obtained from each of the four groups (3T.6s, 3T1s, ,
7T1ls and 7T2s) for pre-processed fMRI data (i.e. rest-filtered- (a) Dorsomedial Pr 2 “ .
covremoved) and latent neural signals (i.e. deconvolved rest-raw & oM i " Al .
deconvolved rest-covremoved), were compared to obtain a map of the é"‘- \ O | ! )
DMN with voxels commonly found in all the groups. Finally, the LA o . - 5 g erior Farteta
overlap between the common DMN maps obtained from fMRI and e ] ' /
latent neural signals was investigated (Fig 2).
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Results and Discussion: The DMN map obtained from latent neural
signals and pre-processed fMRI data with voxels commonly found in
all the groups is shown in Fig 2(a) and Fig 2(b) respectively. The
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overlap between Fig 2a & 2b is depicted in Fig 2(c). These figures or

demonstrate that the core regions of the DMN, i.e. posterior cingulate £~

cortex (PCC), bilateral inferior parietal lobule (IPL) and medial :

prefrontal cortex (mPFC), were found irrespective of field strength, TR ~ oy
. . . -

or preprocessing strategies using both fMRI data as well latent neural =

signals. Fig 2(c) demonstrates that there is a large overlap between the Posterior Cingulate
DMN obtained from fMRI data as compared to that obtained from Ventromedial Prefrontal

latent neural signals. Additionally, the DMN obtained from latent Qorsomedial Prafrontsl
neural signals was more specific to the gray matter. We observed that (C) N
92% of its voxels were in the gray matter as opposed to only 76% of o
the voxels in the DMN obtained from fMRI data being in the gray
matter. The result proves that the DMN has a neural origin and cannot
be a consequence of hemodynamic artifacts. Also, blind deconvolution
provides a convenient way of obtaining RSNs from neural oscillations
without potentially removing physiological fluctuations in BOLD data
which have been recently shown to be related to neuronal processes. Yellow voxels: Overlap

Posterior Cingulate
i".

. . Figure 2: A map of the DMN with voxels commonly found in all the four groups (3T.6s,
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