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Target Audience: Functional Connectivity and Parallel MR Reconstruction 
Background and Purpose: With the increasing popularity of studies that involve non-invasive means of observing functional 
connectivity within the brain using fcMRI, it is imperative for data acquisition times to be as short as possible. Parallel MRI (pMRI) 
techniques, such as SENSE1 and GRAPPA,2 reconstruct a concurrent acquisition of k-space with multiple receiver coils in which lines 
are omitted in the Phase Encoding direction, decreasing acquisition time. While studies in pMRI revolve around the removal of image 
artifacts, little to no attention is paid to the statistical implications of these techniques. Not only does a reduced FOV k-space have a 
different covariance structure to a full FOV array, but the processes of unfolding aliased voxels with the SENSE model and the 
interpolation of missing lines of k-space with the GRAPPA model induce correlations between previously aliased voxels and between 
lines of k-space.3 If the hypothesis assumes no correlation between voxels, it will result in an increase in Type I/II errors in an fcMRI 
study, depending on the sign of the induced correlation. This study aims to demonstrate the change in the correlation coefficient 
between previously aliased voxels reconstructed by the SENSE and GRAPPA models by contrast to when k-space is fully sampled.   
Methods: The MR signal equation in Eq. 1 was 
used to simulate the acquisition of data in 8 coils, 
as performed in a standard EPI pulse sequence.  
For the proton spin density, ρ, a 96×96 Shepp-
Logan Phantom was used with a simulated intra-
acquisition decay, T2

*, of 49 and 42 ms for white 
and grey matter, 2200 ms for CSF, was set to 106 
ms outside the phantom, and magnetic fields, B, 
were estimated from experimentally acquired 
human subject resting-state data by fitting a 
polynomial to estimated sensitivities. Sub-
sampling was simulated by shifting through k-
space in increments of RΔk, where the reduction 
factor was R=2. IID standard Gaussian random 
noise was added to each of 490 images in both the 
full and accelerated time series. Using the full FOV 
data for calibration, the accelerated data was 
reconstructed with the SENSE and GRAPPA 
(using a 4×5 2D kernel) models. After 
reconstruction, spatial filtering was performed with 
a 2D Hamming window, and voxel time series 
were convolved with a Hamming bandpass filter to 
maintain frequencies between 0.01 and 0.08 Hz. 
Correlations induced by processing and 
reconstruction were estimated using the techniques outlined in Bruce et al. (2011).3  
Results & Discussion: For full FOV data, the Hamming window is the only process to induce a correlation, as shown in Fig. 1a about 
a seed voxel, in the upper green circle, while the correlations about the same voxel for SENSE and GRAPPA reconstructions, 
combined with the Hamming window, are presented in Figs. 1b and 1c. The correlation coefficient (cc) between the seed voxel and all 
other voxels are presented in Figs. 1d, 1e, and 1f for full FOV, SENSE and GRAPPA reconstructed time series. As expected in Fig. 
1d, the fully sampled data does not have a notable cc between any other voxel, while the cc between the seed voxel and previously 
aliased voxels, in the lower green circle in the case of SENSE and GRAPPA are not negligible. All correlations in Figs. 1 are of no 
biological origin, and are aligned with voxels in the commonly investigated Default Mode Network. This could therefore result in 
Type I/II errors, depending on the sign of the induced correlation and the inherent correlation structure in the acquired data. 
Conclusion: The results show that there is in fact a change in the correlation coefficient between previously aliased voxels when using 
either SENSE or GRAPPA to reconstruct accelerated data. Moreover, these correlations reside in the frequency band commonly 
associated with fcMRI studies.  The change in covariance between previously aliased voxels will arise from a variety of sources, but 
most notably from the process of un-aliasing reduced FOV images through the pMRI technique employed. While the use of pMRI 
techniques does provide an attractive means of reducing data acquisition time, it is essential to accounted for the change in covariance 
is in order to avoid misleading fcMRI conclusions. 
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29:1267-87, 2011. 
 
  

 
Fig 1: Magnitude squared induced correlations for a) Hamming window, b) SENSE and
Hamming, c) GRAPPA and Hamming, along with correlation coefficients for d) fully 
sampled, e) SENSE reconstructed, and f) GRAPPA reconstructed data.  All correlations 
presented with a threshold of 0.15. 
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