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Basic acquisition parameters of BOLD EPI

 TR – repetition time

 time period required to measure one brain volume

 TE – time to echo

 time interval between RF excitation pulse and measured response (echo)

 FA – flip angle

 angle between tissue magnetization vector and Mz (B0)

 amount of RF pulse energy

 affect the time required for full relaxation of tissue (lower angle, faster relaxation)

 Voxel size (spatial resolution) and FOV (field of view)

 affect the TR, SNR

 Ernst angle is the flip angle for excitation of a particular tissue element that 

gives the maximal signal intensity in the least amount of time when signal 

averaging over many transients. In other words the highest signal-to-noise 

ratio can be achieved in a given amount of time.
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𝐹𝐴𝑒 = 𝑎𝑟𝑐𝑐𝑜𝑠 𝑒−
𝑇𝑅
𝑇1

https://en.wikipedia.org/wiki/Flip_angle
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FA/TE experiences from our studies
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FA and TE affect the sensitivity of measured data 

to signal dropouts in deep structures (e.g. basal ganglia)



Acceleration of fMRI acquisition - GRAPPA

 Typically bounded with multi-channel coil arrays

 Parallel imaging techniques (SENSE, GRAPPA)

 Based on reduced k-space sampling

 Missing lines estimated by weights and known values from neighboring 

points

 PAT-factor n ≠ n-times faster acquisition (TR/n)  
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Acceleration of fMRI acquisition – MB-EPI

 Multi-band EPI (MB-EPI)

 Developed at CMRR (Minneapolis)

 Several slices are excited simultaneously using broad-band RF excitation 

pulse

 Reconstruction of individual slices is based on techniques for paralell 

imaging

 Leakage factor – determines the extent of data from one slice present in 

other simultaneously excited slices

 Acquisition of whole fMRI (DTI) volume is M-times faster (M = MBfactor = 

number of simultaneously excited slices)
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Acceleration of fMRI acquisition – MB-EPI

12

acquisition with 2mm isotropic voxels

Conclusion: 

In the absence of in-plane accelerations, slice 

acceleration factors of up to 8 (MB = 8) can be 

routinely used in fMRI studies with a standard 32-

channel head coil at 3 T.

Our spectral analyses of single-shot fMRI verified 

that temporal fluctuations due to both neuronal

and physiological sources are estimable even at 

very high slice acceleration factors



Accelerated fMRI – experiences from 
CEITEC

 Dataset 1

 Siemens Prisma 3T with standard EPI BOLD sequences and 64-channel 

head/neck coil

 32 subjects (healthy volunteers, 21.7±1.7 years, 17 males)

 5 minutes resting-state + 5 minutes visual stimulation

 Dataset 2

 Siemens Prisma 3T with MB-EPI BOLD sequences from CMRR and 64-

channel head/neck coil

 20 subjects (healthy volunteers, 24±4 years, 7 males)

 5 minutes resting-state + 5 minutes visual stimulation
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Accelerated fMRI – experiences from 
CEITEC
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voxel size no. of slices TE [ms] PAT factor TR [ms]

3x3x3 40 28 1 2520

3x3x3 40 28 2 2150

3x3x3 40 28 3 2030

3x3x3 40 28 7 1880

3x3x4 30 28 1 1890

3x3x4 30 28 2 1620

3x3x4 30 28 3 1530

3x3x4 30 28 7 1320

voxel size no. of slices TE [ms] MB factor TR [ms]

3x3x3 40 35 1 2720

3x3x3 40 35 4 814

3x3x3 40 35 8 417

3x3x3.5 32 35 16 179

Dataset 1  (using GRAPPA)

Dataset 2  (using MB-EPI from CMRR)



Examples of preprocessed images
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Examples of first level activations
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Examples of second-level activations
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Comparison of first-level betas
(estimated effects)
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Comparison of first-level t-stat
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Coparison of first-level residuals

20



Comparison of percent signal change
(PSC)
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Comparison of SNR(CNR)
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Comparison of tSNR
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Correlation coefficients using AAL 
parcelation
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Classical EPI with GRAPPA CMRR MB-EPI



ICA – estimated number of components
with MDL
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MBF1, R=0.59

R stands for spatial

correlation of

component with apriory

DMN mask

MBF4, R=0.58

MBF16, R=0.38
(DMN in more ICs)

MBF8, R=0.51

DMN 

component

same number of

componetns was

used for all MB 

factors



Conclusion to acceleration techniques

 Acceleration techniques are useful but PAT-factor or MB-factor have to be 

chosen carefully

 PAT2 does not cause significant decrease of observed metrics and it is 

suitable for standard use

 PAT3 should be used more carefully

 Multiband sequences brings higher acceleration with lover impact on decrease 

of SNR or other metrics

 Our experiences are consistent with suggestion by Xu et al., that use of MB-

factor 8 is meaningful for 3T scanner. MB-factor 16 decrease data quality.
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 Why fast acquisition?
 More time-points = higher first-level statistics 

or better estimation of correlation

 TR < 0.5 s enables partially or fully separate 

BODL signal of neuronal origin from 

physiological artifacts

 Probably more suitable for new approaches in 

connectivity (e.g. dynamic connectivity)
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