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Experiment 1 Results
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Constant factors:
Spatial frequency: 3 cpd
Phase reversal: 5Hz
Scan time: 240 seconds   

1) Preprocessing: Slice-time correction, 
    volume registration, detrending.
2) Align functionally defined 
    regions-of-interests (ROIs) 
    to the functional data.  
3) Average time-courses across scans 
    and voxels within each ROI.
4) Transform average time-courses into 
    the frequency domain, and compute SNR 
    as the ratio of the signal at the stimulus 
    frequency to the signal at four sidebands.  

Multiplexing factors: 
        MUX1 (2.0s TR), MUX2 (1.2s TR), MUX4 (0.8s TR), MUX8 (0.4s TR)
Stimulus frequency: 10 cycles per scan (24s cycle). 

We can change the sampling frequency (TR) and 
stimulus frequency (cycles per scan - cps), but keep all others factors constant.

Outside V1?
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No difference in SNR between the four different MUX factors!

V1: Mean Cycles

Experiment 3 Results

V1: Frequency Spectra
SNR is further reduced at 60 cycles 
per scan, but a signal can still be
reliably detected with a 0.4s TR.

Multiplexing factor: MUX8 (0.4s TR)
Stimulus frequencies: 20, 30, 40, 60 cycles per scan (12s, 8s, 6s, 4s cycles)
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Experiment 2 Results

SNR is reduced for higher stimulus frequencies, 
but is no different between MUX1 and MUX8. 

Multiplexing factors: MUX1 (2.0s TR), MUX8 (0.4s TR)
Stimulus frequencies: 20, 30, 40 cycles per scan (12s, 8s, 6s cycles)

V1: Mean Cycles

V1: Frequency Spectra
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SNR averaged within-participant 
across experiments and MUX factors. 

SNR is strongly reduced outside V1, for all 
stimulus frequencies.This effect is consistent 
across MUX factors.

HRF modelling

A 1-gamma function (as used by Boynton et al., 1996) fit the data reasonably 
well, but only when the delay parameter δ was set at a value (0.9) substantially 
smaller than those used in the
original paper (2.05 and 2.48). 

stimulus frequency (Hz)

Conclusions

At least for visually-evoked BOLD-responses, SNR does not decrease when acquiring multiplexed sub-second fMRI.

    Experiment 1: runs per condition: 2
    Experiment 2: runs per condition: 2
    Experiment 3: runs per condition: 3 

fMRI Acquisition Parameters
    GE MR 750 scanner
    Head coil: Nova Medical Inc. 
    32-channel Brain Array.

Boynton, G.M., Engel, S.A., Glover, G.H., & Heeger, D.J. (1996). Linear systems analysis of functional 
     magnetic resonance imaging in human V1. The Journal of Neuroscience, 16 (13), 4207-4221.
Feinberg, D.A., Moeller, S., Smith, S.M., Auerbach, E., Ramanna, S., Gunther, M., Glasser, M.F., Miller, 
     K.L., Ugurbil, K., & Yacoub, E. (2010). Multiplexed echo planar imaging for sub-second whole brain 
     FMRI and fast diffusion imaging. PLoS One, 5 (12), e15710.
Friston, K.J., Fletcher, P., Josephs, O., Holmes, A., Rugg, M.D., & Turner, R. (1998). Event-related fMRI: 
     characterizing differential responses. Neuroimage, 7 (1), 30-40.

Multiplexed (MUX) fMRI allows for sub-second acquisition of whole-brain images 
(Feinberg, 2010). What happens to the signal-to-noise ratio (SNR) of fMRI BOLD 
responses as acquisitions get faster? We tested this using a flickering grating 
undergoing periodic contrast modulation, while acquiring multiplexed fMRI. This 
protocol yields a direct measure of a stimulus-evoked BOLD response. 

Model-fit: Frequency domain 

Model-fit: Time-domain

Signal can be recovered from the BOLD-response at stimulus frequencies as 
high as 0.25 Hz (60 cps), as long as the TR is short enough.   

The two most widely used models of the HRF, the 1-gamma function 
(Boynton et al., 1996) and the 2-gamma function (Friston et al., 1998), 
appear to systematically over-estimate the hemodynamic delay we see 
in our data, when parameters are set to standard values. This discrepancy
may indicate non-linearities in the hemodynamic response. 

In Experiment 1, we manipulated sampling frequency using four different MUX 
factors, while keeping the stimulus frequency constant.
In Experiment 2, we manipulated both stimulus frequency and sampling frequency.
In Experiment 3, we used the same sampling frequency, and 4 different stimulus 
frequencies, including 60 cycles per scan (4 second cycle).   

Summary: V1 SNR
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MUX1data (Exp 2)
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MUX8data (Exp 3)
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