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Analysis of temporal and spatial brain circuit using real-time simultaneous
electroencephalography and functional magnetic resonance imaging
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We aim to resolve the spatiotemporal changes in brain activation using
simultaneous electroencephalography (EEG) and functional magnetic resonance imaging (fMRI)
recordings. We proposed a method that employed whole scalp EEG data to generate regressors needed
for the analysis of fMRI using the general linear model. Using simultaneous EEG-fMRI recordings from

healthy subjects and patients with epilepsy, we obtained activation maps showing brain regions that
were consistent with working memory task and suspected or confirmed sources of the epileptogenic
activity. We also identified spatiotemporal activation patterns during epileptic spikes that_include
sequential activation of multiple brain regions involved, shifting location of the peak activation,
and local spreading of activated regions. These findings demonstrated the efficacy of the method in
resolving rapidly changing activation patterns with sub-second temporal resolution observed during
cognitive task and epileptic spikes.
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Figure 3. Activation map using only f/MRI data
(2-back > Oback, cluster-forming threshold p=0.001, FWEc p<0.05)
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" Figured. Activation map using EEG-MRI data
(2-back > Oback, cluster-forming threshold p=0.001, FWEc p<0.05)
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SETM-based: Overall epileptic foci detection

SETM

Event related based

EEG-TMRI

EEG-TMRI 1)



2)
3)

6
1.Masuda M, Senda J, Watanabe H, Epifanio
B, Tanaka Y, Imai K, Riku Y, Li Y, Nakamura
R, Ito M, Ishigaki S, Atsuta N, Koike H,
Katsuno M, Hattori N, Naganawa S, Sobue G.
(2016) . Involvement of the caudate nucleus

head and 1its networks 1in sporadic
amyotrophic lateral sclerosis
frontotemporal dementia continuum.

Amyotroph Lateral Scler Frontotemporal
Degener 17, 571-579.

2_Riku Y, Watanabe H, Yoshida M, Mimuro M,
Iwasaki Y, Masuda M, Ishigaki S, Katsuno
M, Sobue G. (2016) Marked Involvement of
the Striatal Efferent System 1in TAR

DNA-Binding Protein 43 kDa-Related
Frontotemporal Lobar Degeneration and
Amyotrophic Lateral Sclerosis. J

Neuropathol Exp Neurol [Epub ahead of
print] doi: 10.1093/jnen/nlw053

3.Maesawa S, Bagarinao E, Fujii M,
Futamura M, Wakabayashi T. Use of Network
Analysis to Establish Neurosurgical
Parameters in Gliomas and Epilepsy. Neurol
Med Chir (Tokyo) . 2016 Apr
15;56(4):158-69.

4 _Maesawa S, Bagarinao E, Fujii M,
Futamura M, Motomura K, Watanabe H, Mori
D, Sobue G, Wakabayashi T. Evaluation of
resting state networks in patients with

gliomas: connectivity changes 1in the
unaffected side and 1its relation to
cognitive function. PLoS One.

2015;10:e0118072.

5.Tsuboi T, Watanabe H, Tanaka Y, Ohdake
R, Yoneyama N, Hara K, Nakamura R, Watanabe
H, Senda J, Atsuta N, Ito M, Hirayama M,
Yamamoto M, Fujimoto Y, Kajita Y,
Wakabayashi T, Sobue G. Distinct
phenotypes of speech and voice disorders
in Parkinson"s disease after subthalamic
nucleus deep brain stimulation. J Neurol
Neurosurg Psychiatry. 2015
Aug;86(8):856-64.

6.Tsuboi T, Watanabe H, Tanaka Y, Ohdake
R, Yoneyama N, Hara K, Ito M, Hirayama M,
Yamamoto M, Fujimoto Y, Kajita Y,
Wakabayashi T, Sobue G. Characteristic
laryngoscopic findings in Parkinson®s
disease patients after subthalamic
nucleus deep brain stimulation and its
correlation with voice disorder. J Neural
Transm (Vienna). 2015
Dec;122(12):1663-72.

4
1.Bagarinao E, Maesawa S, Ito Y, Watanabe
H, Isoda H. Detecting subsecond activation
changes during interictal epileptic spike
using simultaneous EEG-fMRI, 22nd Annual
Meeting of the Organization for Human
Brain Mapping, Jun 26-30, 2016, Geneva,
Switzerland

2.Mizuno K, Bagarinao E, Maesawa S, Tohira
S, Watanabe H, Nakai T, Isoda H. Sequential
activation in sub-second range during
working memory task: A simultaneous
EEG-TMRI study. 22nd Annual Meeting of the
Organization for Human Brain Mapping, Jun
26-30, 2016, Geneva, Switzerland

3.Bagarina E, Maesawa S, Watanabe H, Isoda
H, Detecting activation patterns from
functional MRI datasets with undetermined
event onsets using support vector machines,
45th Annual meeting of the Society for
Neuroscience, Oct 17-21, 2015, Chicago, IL,
USA

@
WATANABE ,Hirohisa

10378177

@
SOBUE, Gen

20148315
ITO,Mizuki
50437042

MAESAWA, Satoshi

90566960

BAGARINAO,



Epifanio

00443218
©)
HOSHIYAMA,Minoru
30270482

MORI ,Daisuke

00381997
TANABE,Hiroki

20414021




