Exploring the feasibility of simultaneous EEG/fMRI at 7T
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Introduction

Combined EEG-fMRI is increasingly being used to probe the spatial and temporal characteristics of brain activity in experiments at 1.5 and 3 T [1-2]. Increases in
BOLD contrast to noise ratio at 7 T make the implementation of combined EEG-fMRI at this ultra-high field desirable. However, increasing the static magnetic field
strength causes larger artefacts in the EEG trace due to increased effects of motion and blood flow, and the increase in the Larmor frequency could lead to greater
interaction of the applied RF with the electrodes and wires used for EEG recording [3]. Here, measures taken to allow recording of EEG signals from human subjects at
7 T are described, and the first results of carrying out combined EEG and fMRI at 7 T using commercially available equipment are presented.

Methods: All experiments were carried out using a Philips Achieva 7 T MR scanner with a T/R head RF coil and a BrainAmp MR EEG amplifier, Brain Vision
Recorder software (Brain Products, Munich) and the BrainCap MR electrode cap with 32 electrodes (following the 10/20 system, sampled at 5 kHz). A number of
experiments were carried out before any human EEG recordings could take place.

Phantom testing: The cap was placed on a spherical phantom containing saline-loaded agar gel with a layer of Abralyte 2000 gel between the outer surface of the
phantom and the electrodes. Heating: A Luxtron FOT Labkit with TrueTemp software was used to measure temperature changes. Probes were placed between four
electrodes (Ref.—[sited between Fz and Cz], Pz, T7 and T8) and the phantom. Temperature changes were monitored over 21 minutes during execution of a TSE
sequence employing an average RF power of 9.87 W. Noise sources: To allow identification of sources of EEG noise, other than the applied field gradients, various
elements of the MR support system (compressor pumps for the cold heads, magnet bore and gradient coil air-flow and the screened room lighting) were turned off
sequentially whilst recording EEG data from the phantom. Human Experiments: Experiments were carried out on 3 healthy volunteers. A standard EPI sequence was
implemented with TR=2.2s and TE=25ms (64x64 matrix, 3x3x3.5mm"* voxels). 20 coronal slices were acquired. The EEG sampling and imaging gradient waveforms
were synchronised by driving the BrainAmp clock cycle using a 5 kHz signal derived from the 10 MHz imaging spectrometer clock [4]. The head was held in place
using a vacuum cushion to reduce the ballistocardigram (BCG) and movement effects. The scanning was carried out under the optimal conditions identified from the
phantom experiments. A simple visual stimulus consisting of a flashing (10 Hz) checkerboard was presented for 30 cycles of 10 s with the stimulus on and 20 s with no
stimulation. MPRAGE image data acquired at 3T were used to determine the electrode positions. Analysis of fMRI data was carried out using standard techniques in
SPM99. Off-line EEG signal correction was based on averaging and then subtracting gradient and pulse artifacts, as implemented in Brain Vision Analyzer (Brain
Products, Munich) [5]. Data were then analysed using a beamformer [6]. This involves a linear transformation of EEG data into source space allowing estimation of
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