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m ABSTRACT

Objectives: Synchronous electroencephalogram (EEG) and functional magnetic resonance imaging (fMRI) has been used to
explore sleep stage dependent functional brain networks. Despite a growing number of sleep studies using EEG-fMRI, few stud-
ies have conducted network analysis on whole night sleep due to difficulty in data acquisition, artifacts, and sleep management
within the MRI scanner.

Methods: In order to perform network analysis for whole night sleep, we proposed experimental procedures and data process-
ing techniques for EEG-fMRI. We acquired 6—7 hours of EEG-fMRI data per participant and conducted signal processing to re-
duce artifacts in both EEG and fMRI. We then generated a functional brain atlas with 68 brain regions using independent com-
ponent analysis of sleep fMRI data. Using this functional atlas, we constructed sleep level dependent functional brain networks.
Results: When we evaluated functional connectivity distribution, sleep showed significantly reduced functional connectivity for
the whole brain compared to that during wakefulness. REM sleep showed statistically different connectivity patterns compared
to non-REM sleep in sleep-related subcortical brain circuits.

Conclusion: This study suggests the feasibility of exploring functional brain networks using sleep EEG-fMRI for whole night
sleep via appropriate experimental procedures and signal processing techniques for fMRI and EEG. Sleep Medicine and Psy-
chophysiology 2018 : 25(2) : 82-91
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A= Aoz dHA 2h(Sakurai 2005 ; Saper & 2005a ;
Tononi?} Cirelli 2006). ©]&3t A S| = 71y, A|A S
9} x| 7] A K (basal forebrain)= ©]o]X|= = AH 417 3
20} 1 oA tiefujdz AdE= W Al Eo] A4
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g 2 | A ] IR, H AAEY SH A oA
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2010 ; Tagliazucchi 5 2013).
22| 9 ¢d+4+= EEG-fMRI
HE o]-8517 FtHCzisch 5 2004 ; Horovitz
5 2009 ; Kaufmann ‘5 2006 ; Picchioni -5 2013 ; Picchioni
5 2011). ©] BA| &4 7]‘ﬂ£ 0]-8-5Ff Czischd} 1 A+%
2 2 FQF 5AAEE9E(Blood oxygen level
dependent, BOLD) fMRI A& ¥3}e} dle} Ful4= ul9] =
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5 2004). Kaufmann-2 H]3(non-rapid eye movement,
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B EEG 4Al3& ok o] dRbAQl 41 FEkof s
Fok= Al 9 AR AR HITHE3-A2, F4-Al, C3-A2,
C4-Al, O1-A2, 02-Al). ZE 59 =5t glo]
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Figure 1. The EEG preprocessing steps for EEG-fMRI data. A @ The polysomnography montage with EEG-cap used in the current
study, B . raw arfifact EEG data, C : Gradient artifact rejected EEG, D : Cardioballistic arfifact rejected EEG, E : Bandpass filtered

EEG, F : Re-referenced EEG for standard sleep EEG analysis.
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Figure 2. Two examples of hypnogram for EEG-fMRI sleep studly.
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Upper diagonal : p < 0.001
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Figure 3. Sleep stage dependent connectivity matrices. S1 : stage 1, S2 : stage 2, $3 : stage 3. REM : rapid eye movement state,

DMN : default mode network, PPC : posterior parietal cortex.

Figure 4. Connectivity difference
between Wake and Sleep and
between REM and NREM among
sleep related subcortical regions.
(A) Kolmogorov-Smirnov test result
for the connectivity distribution dif-
ference among wake and sleep
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