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Target audience: Radiologists, neurologists, scientists and MRI researchers interested in brain perfusion imaging.

Introduction: Simultaneous Multi slice acceleration (SMS) EPI technique provides a new tool for measuring the DSC-MR and
BOLD signal with higher spatial and/or temporal resolution’. Its advantages in DSC-MR could be found in patients with small
perfusion deficits”. On the other hand, many researchers focus on harvesting the extra information provided by SMS EPI from BOLD
signal. The estimation of neuronal activity based on BOLD signal changes has been widely used for neuroscience research, while
other signal components have usually been removed during the pre-processing steps of fMRI data analysis. Based on previous
evidence, the low-frequency fluctuation (0.1~0.01Hz) of BOLD signal, which is treated as the “background” signal, shows a similar
temporal pattern across brain areas”. In this study, we applied an iterative algorithm to extract the global pattern by averaging the time
series of each voxel after re-alignment based on its time-shift. In addition, by using SMS EPI sequence for rs-fMRI data acquisition,
higher temporal resolution (TR = 1000 ms) and higher spatial resolution can be achieved to provide more accurate results.

Materials and methods: 8 patients with brain perfusion deficits participated in this study. Besides a general protocol for brain
vascular disease patients, the MR exam includes one high-resolution resting-state fMRI (SMS rs-fMRI) session and one high-
resolution DSC-MR (SMS DSC) session, both based on prototype SMS EPI-based sequences. All data were collected on a
MAGNETOM Trio 3T MR scanner (Siemens AG, Erlangen, Germany). The parameters are as follows, SMS rs-fMRI: TR=1000 ms,
TE=40 ms, flip angle=60°, 40 slices, slice thickness=3 mm, distance factor=0%, FOV=230x230 mmz, matrix= 144x144, slice
acceleration factor=4, measurements=360. The SMS DSC protocol has the same parameters as SMS rs-fMRI except for
measurements=95. The data of SMS DSC-MR were analyzed using the Perfusion Evaluation tools on a syngo.via workstation
(Siemens AG, Erlangen, Germany). The fMRI data were pre-processed with standard pipeline for resting-state data analysis (without
regressing out the global signal). After pre-processing, a time-shift map could be obtained using the following steps: 1) Averaging the
time series of the whole brain to create the first time series template. 2) For each voxel, the time course was shifted from -10TR to
+10TR and was correlated with the template at each TR. Each voxel was then labeled as the number of TR that has the highest
correlation coefficient value. 3) Realigning the time series of all voxels based on their time-shift value determined by step 2. 4)
Averaging the re-aligned time series of the whole brain to create a new global template. 5) Repeating step 2 to 4 until the number of
voxel, who had changed their time-shift value between two iterations, is less than 100. 6) Calculating a t-test map based on the general
linear model using the global template. In order compare with low resolution, the SMS rs-fMRI data were down sampled to the same
as standard EPI protocol (voxel size=3x3x3.5mm’, gap=20%, TR=2000ms) and then obtained the time-shift map (TSM). The areas
that show abnormal TTP in SMS DSC and long time delay in TSM were used for computing the degree of overlap among all subjects.
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