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Introduction: Functional MRI (fMRI) indirectly measures brain activity via increases in blood 
oxygenation associated with the metabolic demands of neural electrical activity (NEA). By 
capturing images over time, we can observe brain function. In addition to brain function, the 
fMRI signal contains confounds like respiration and head motion. If we can model the neural 
component, we can properly interpret the fMRI signal. There are two main types of experiment: 
task-based (t-fMRI) and resting-state (rs-fMRI). T-fMRI involves alternating periods of task and 
rest. In t-fMRI, the neural component is well-established as a square wave--corresponding to the 
task pattern and neural activation--convolved with a hemodynamic response function (HRF). 
Rs-fMRI involves the subject laying awake without task. The absence of experimental input in 
rs-fMRI has prevented establishment of a canonical resting-state HRF, limiting our ability to 
interpret the signal. However, invasive recording electrodes that directly and sensitively measure 
NEA can serve as a virtual input in rs-fMRI. 
 
Hypothesis: Simultaneous integration of recording electrodes in rs-fMRI allow measurement of a 
resting-state HRF following deconvolution of the rs-fMRI signal with the NEA recorded by the 
electrodes.  
 
Methods: As a preliminary experiment, one Sprague-Dawley rat without electrode implants was 
scanned (0.6-mm isotropic voxels, TR=1.5s) in the 9.4-Tesla Bruker small-animal scanner. In 
anticipation of later experiments involving scanning of implanted rats, a marmoset coil was used 
instead a rat coil since it would accommodate bulky implants. Following image preprocessing 
with FMRIB Software Library (FSL) and Analysis of Functional Neuroimages (AFNI) software, 
seed-based correlational analysis of left primary motor cortex (M1) was performed.  
 
Results: Bilateral functional connectivity was observed when using spatially blurred images 
(fwhm>=1.5mm), and correlation values did not exceed r=0.4.  
 
Discussion: The bilateral functional connectivity observed was expected, as the rat motor 
network is well-established. The relatively large blurring kernel required (fwhm>=1.5mm) and 
modest maximum correlation value (r=0.4) are likely attributable to low SNR from scanning a rat 
with a marmoset coil--the brain is located far from the coil. To improve SNR, we plan to build a 
custom single-loop surface coil for the simultaneous experiments. Two recording electrodes will 
be implanted in bilateral M1 of ten Sprague-Dawley rats. Implanting two electrodes rather than 
one will serve to test how the HRF varies throughout a network. Deconvolution of the rs-fMRI 
signal with the electrode signal will be performed in an attempt to extract a resting-state HRF. 
These future results are expected to significantly improve our understanding and interpretation 
of the resting-state fMRI signal.


