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Recently, researchers have taken interest in simulta-
neously recording electroencephalography (EEG) and
functional magnetic resonance imaging (fMRI) to explore
the relationship between the blood oxygen level depen-
dent (BOLD) signal and underlying neuronal activity[1].
Many studies investigate BOLD signal relationship to

high-pass (> 1 Hz) filtered EEG data, but little work on
has been done on slow (< 1Hz) cortical potential corre-
lates of fMRI because low frequency EEG data are com-
monly discarded as drift artifacts[1]. Nevertheless, much
slower (< 0.1 Hz) components of the fMRI signal are
used to establish functional resting state networks (RSNs)

A

oo d

Time Shift (Seconds)

56 60 64

Slice

Figure 1 fMRI to EEG correlation for two electrodes. Slice number and time shift are shown on the abscissa and ordinate, respectively.
Approximate electrode location is indicated by a white circle in the upper left slice. Arrows point to areas of significant correlation. A:
Correlation between the AF3 electrode and BOLD signal. B: Correlation between the PO8 electrode and the bold signal.
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within the brain[2]. In this study, five subjects underwent doi-10.1186/1471-2202-13-51-P107
simultaneous recording of EEG and fMRI in a resting Cite this article as: Grooms et al: Low-frequency EEG correlates of fMRI
state, lying quietly with eyes open. Two ten minute scans in the resting state. BMC Neuroscience 2012 13(Suppl 1):P107.
were acquired per subject over the entire brain (TR=2
seconds, TE=30 milliseconds, 64x64 voxels, 33 slices).
After standard functional connectivity preprocessing[3],
the BOLD signals were band-pass filtered between 0.01 —
0.08 Hz. EEG data were obtained from a 64-channel elec-
trode montage in a standard International 10-10 System
configuration. Each signal was then filtered between
0.01 — 0.08 Hz and de-noised of scanner and ballistocar-
diographic artifacts. Channels were clustered using
k-means and each cluster’s signal was calculated in order
to be regressed from its respective electrodes. All EEG
data were resampled to 0.5 Hz for comparison with func-
tional data. Pearson correlation was then computed
between pairs of individual EEG electrodes. Two elec-
trode channels (AF3 and PO8) were chosen to be cross-
correlated with BOLD signals at various time shifts
between -10 — 20 seconds, due to their consistent pre-
sence in anticorrelated clusters from the paired EEG
clustering. This was performed both with and without
EEG cluster signal removal, the former allowing better
visualization of correlation results. Finally, all subjects’
electrode-specific EEG-fMRI correlations were averaged
together and two maps of correlation were produced
(Figure 1). These maps were corrected for multiple com-
parisons using a false discovery rate of 0.05, assuming a
normal distribution of correlation values. The relation-
ship between BOLD signals and slow cortical potentials
can be observed over the sensorimotor cortex for both
AF3 and PO8, demonstrating a correlation between EEG
and a known RSNJ2]. The time delays in correlation
may also be related to previously observed BOLD signal
propagations[3].
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