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In drug-resistant focal epilepsy (DRFE), seizures are infrequent and unpredictable, requiring 

prolonged recordings to identify the seizure-onset zone (SOZ).(1) Cryogenic 

magnetoencephalography (MEG) is thus scarcely used for ictal recordings but rather to detect 

interictal epileptiform discharges (IEDs) and localize the irritative zone (IZ), which may differ 

from the SOZ.(1) On-scalp MEG based on a new-generation, cryogenic-free magnetic sensors, 

“optically-pumped magnetometers” (OPM-MEG), allows successful localization of IEDs with 

higher amplitude and signal-to-noise ratio (SNR) than cryogenic MEG.(2) Although OPM-MEG 

has clear advantages (i.e., on-scalp recording, increase in SNR, free head movements (3)) over 

cryogenic MEG to record ictal discharges, no study has demonstrated the ability of OPM-MEG 

to detect ictal discharges.  

We report on a 10-year-old boy suffering from DRFE (>5 seizures/day) who underwent on-

scalp ictal and interictal video-OPM-MEG recording at rest (1h) and during hyperventilation as 

a seizure activation procedure (3min). Hôpital Erasme's Ethics Committee approved this study 

(P2019/426). The patient and his legal representative gave written informed consent.  

Twenty-four triaxial OPMs (QZFM-G3, QuSpin; sampling frequency: 1200Hz) were used 

alongside video recording (LifeCam Cinema, Microsoft Corporation) within a magnetically 

shielded room (OPM-Compact MuRoom, Cerca Magnetics Limited; remnant field <1-2nT after 

degaussing and active field nulling (4)). MRI/OPM co-registration was based on 3D optical 

scanning (EinScan, Shining 3D; Figure A-B). See (2) for on-scalp OPM placement, signal 

analysis, and source localization methods. IEDs were averaged based on signal morphology 

and sensor topography and brain source was localized at the peak of average IED. The SOZ 

was localized by imaging brain sources' amplitudes (Hilbert envelope after 13-40Hz band-pass 

filtering) averaged over the first 500ms of each seizure. Mean amplitude of entire seizures, of 

preceding background activity (devoid of IEDs), and their ratio (seizure SNR) were compared 



during rest and hyperventilation using Welch’s unpaired t-tests at the sensor with maximal 

ictal amplitude.  

Two types of IEDs emerged amongst >600 IEDs: ~70% of left mesio-occipital IEDs originating 

from the left cuneus and ~30% of left temporo-occipital IEDs from the left supramarginal gyrus 

(Figure C-D). Fifteen spontaneous and six hyperventilation-induced seizures appeared as 

transient low-voltage fast activity (LVFA) followed by 3-4 Hz spike-wave discharges originating 

from multiple regions (left frontal, n=3; temporal, n=1; parietal, n=9; occipital, n=5; right 

parietal, n=2; occipital, n=1; see Figure C-D). Ten seizures were accompanied by eye, palpebral 

or head movements (Supplementary video). Hyperventilation led to higher seizure and 

background amplitudes (seizure, 1.92 ±0.04pT; background, 0.69 ±0.02pT) than rest (seizure, 

1.49 ±0.05pT; background, 0.52 ±0.03pT, p<0.003). SNR was similar (hyperventilation, 2.79 

±0.07; rest, 2.97 ±0.19; p=0.43). 

Stereo-electroencephalography (SEEG; 16 electrodes over posterior areas) confirmed 

multifocal SOZ (Figure E). Ictal patterns consisted in brief focal LVFA (50ms) with rapid 

propagation to several electrodes, followed by low-frequency periodic discharges. 

This case study demonstrates that OPM-MEG can detect ictal discharges in a school-aged 

epileptic child with DRFE, with sufficient SNR to record ictal discharges from multiple 

neocortical areas even during seizure-related movements.  

The absence of simultaneous OPM-MEG/SEEG recording or comparison with cryogenic MEG 

(unavailable at the time of recording due to technical issues) prevents proper estimation of 

OPM-MEG localization accuracy for ictal discharges. Still, posterior SOZ and IZ from OPM-MEG 

colocalized with those of SEEG recordings. The frontal SOZs were not observed with SEEG as 

no frontal electrodes were implanted (OPM-MEG results unavailable for implantation 

planning) nor with scalp-EEG, which is congruent with the better detectability of frontal 



discharges with cryogenic MEG.(5) As a limited OPM sampling of brain activity could impede 

the detection of some epileptiform discharges, developing whole-scalp-covering OPM-MEG is 

of critical importance. 

Thanks to its many advantages over cryogenic MEG, OPM-MEG allows prolonged recordings 

and hyperventilation procedures. This case paves the way towards the use of video-OPM-MEG 

for ictal recordings in epileptic patients. 
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Figure. A. OPMs housed in homemade 3D-printed sensor mounts sewn on a EEG-like cap, 

with homemade 3D-printed top covers with a reflective sticker dedicated to optical 

digitization. B. Left and posterior views of OPM positions relative to the scalp and cortical 

surface, after co-registration with structural brain MRI. C. Samples of OPM-MEG signals 

illustrating background activity devoid of epileptiform discharges (2sec; left), two types of IEDs 

(1sec; middle; most common type 1 circled in blue; type 2 in yellow) and ictal activity (10sec; 

right; onset circled in green). D. Source-localized OPM-MEG maps of the averaged IEDs (type 

1, blue; type 2; yellow) and of each ictal onset (green) are displayed beneath these signals on 

axial (left), coronal (middle), and sagittal (right) MRI slices. E. SEEG localization of ictal onsets 

zones (orange dots) displayed on axial slices of co-registered preoperative T1-weighted brain 

MRI and postoperative brain CT scans. 


