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Elucidation of cerebral hemodynamics of subplate neurons using simultaneous
recording of electroencephalogram and functional near-infrared spectroscopy

Kidokoro, Hiroyuki
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Subplate neurons (SpNs) play a crucial role in the formation of the
developing cerebral cortex and the construction of neural networks. It has been demonstrated that
the spontaneous electrical activity seen as brushes in the EEG of preterm infants reflects the
activity of SpNs. This study, by simultaneously recording EEG and functional near-infrared
spectroscopy, yielded the following new findings: 1) We developed an algorithm for the automatic
detection of brushes. 2) We elucidated the local cerebral hemodynamics corresponding to the brushes.

3) We clarified the relationship between the temporal changes in brushes observed in the EEG of
preterm infants and the autistic traits at 18 months of corrected age. This study is significant in
demonstrating the critical role of SpNs in human brain development during the fetal period.



50%

subplate

cortical plate

(Khazipov R. Nature
2004, Dupont E. Nature 2006

Luhmann HJ. Front Neuroanat 2018

brush, 1B
(Maeda T. Brain Dev 2021)

1) fNIRS (EEG-
fNIRS )
2)
(1) EEG-fNIRS
22 34
30 60 EEG-fNIRS NICU
30 42 2
( ) 8 (Fp1/Fp2/C3/C4/T3/T4/01/02)

NIRS Fp/T/0 8 A



2 18

€))

03 15

33
36

(oxy-Hb)

(deoxy-Hb)

M-chat

63

0.3

1 B ERASKE ORI |

:EEGHEIE @: NIRSHELE

18

151
31.6 (24.6

®: NIRSZ 388

B
-_ —F e
Fp2-C4

c4-02
Fpi-T3
T3-01
Fp2-T4
T4-02

EEG-fNIRS

34.9)

8
10pV

314 40.7
25Hz  band pass filter

85 90

B2 :BEEDT Ty HRER

308 BER HIER
33w g bbee TS R FHER L i
—  mE®R_____ — . BEER |
36w = DML Sm O b R PR

oxy-Hb

B>y

33

deoxy-Hb

007z

36

34



3 : ERiZESRT 7 v ¥ 2 ICHG L R E

Fpl gm Yo BEEHE(Fp1)
@ NIRSENE
8 i S a  pamssu  |SHEEEE.
§f RIS GEEEE S
NIRS = T T[T T 1] == deonyb
brushcmsall I I Aé :ﬁ\\\—f_ I I I
oxy-Hb  deoxy-Hb . L C 1k 1 N [
Eg{ LA ala 1 EH[
RIZEEE [ _ [ _| IsEER
7 - - - 2]
| | L1 1
[T T [T 1T
a3 = R B | Ak
mEsl ST 7| aimE
17 B 1 AL 1 i
i | BTN | L1
N |
AR AR
32 | E4: REEaY - BRRELANEL(F IR |
34 R F4ER
WREMEE mERE W EieaL
(%) 100 100
4
50 50
0 0-
fEIE34E  {EE36E {EIE3438 1E1E36iE
18
32
5A 18

E5: 75 v 1 0RBNEkE BEFE & OBIF |

A B O BEEGL
L ' BREFEHY
80 8.0
¢ g
( 5B) s 2
8 60 g.‘z: 6.0
E £
S 40 g 4.0
= 20 .‘d- - 2,04
00 . . : . .
24 28 32 36 40 44 00

. — 24 28 32 36 40 44
SCEREHE IE AT DR

2

EEG-
fNIRS



fNIRS fMRI

Watanabe
H, et al. PNAS 2019 (hPod)

3)

NIRS (cortical plate)
(subplate)

(functional ultrasound: fUS)



13 11 1 0

Abdi Khadar Kawaguchi Mas Lind Hermans Tim Hershkovitz Reli Holgersenmad Kidokoro Hiroyuki 15

Proceedings of the 13th International Newborn Brain Conference: Fetal and/or neonatal brain 2022

development, both normal and abnormal

Journal of Neonatal-Perinatal Medicine 411 426
DOl

10.3233/NPM-229002

Katsuki Satoru Ushida Takafumi Kidokoro Hiroyuki Nakamura Noriyuki litani Yukako Fuma 163

Kazuya Imai Kenji Nakano-Kobayashi Tomoko Sato Yoshiaki Hayakawa Masahiro Natsume Jun

Kajiyama Hiroaki Kotani Tomomi

Hypertensive disorders of pregnancy and alterations in brain metabolites in preterm infants: A 2021

multi-voxel proton MR spectroscopy study

Early Human Development

105479 105479

DOl
10.1016/j -earThumdev.2021.105479

Ito Yuji Maki Yuki Okai Yu Kidokoro Hiroyuki Bagarinao Epifanio Takeuchi Tomoya Ohno 64

Atsuko Nakata Tomohiko Ishihara Naoko Okumura Akihisa Yamamoto Hiroyuki Maesawa Satoshi

Natsume Jun

Involvement of brain structures in childhood epilepsy with centrotemporal spikes 2021

Pediatrics International e15001
DOl

10.1111/ped.15001

Kidokoro H, Shiraki A, Torii Y, Tanaka M, Yamamoto H, Kurahashi H, Maruyama K, Okumura A, 63

Natsume J, Ito Y.

MRI findings in children with congenital cytomegalovirus infection retrospectively diagnosed 2021

with dried umbilical cord

Neuroradiology 761-768
DOl

10.1007/s00234-020-02603-9




Kawaguchi M, Kidokoro H, Ito R, Shiraki A, Suzuki T, Maki Y, Tanaka M, Sakaguchi Y, Yamamoto H,
Takahashi Y, Naganawa S, Natsume J

79

Age estimates from brain magnetic resonance images of children younger than two years of age 2021

using deep learning

Magn Reson Imaging 38-44
DOl

10.1016/j .mri.2021.03.004

Kidokoro Hiroyuki 62

Effect of spontaneous electrical activity on the developing cortex 2020

Pediatrics International 1131 1132
DOl

10.1111/ped. 14407

Kidokoro Hiroyuki 63

Delta brushes are not just a hallmark of EEG in human preterm infants 2021

Pediatrics International 130 136
DOl

10.1111/ped. 14420

Nosaka Rena Ushida Takafumi Kidokoro Hiroyuki Kawaguchi Masahiro Shiraki Anna litani 309

Yukako Imai Kenji Nakamura Noriyuki Sato Yoshiaki Hayakawa Masahiro Natsume Jun Kajiyama

Hiroaki Kotani Tomomi

Intrauterine exposure to chorioamnionitis and neuroanatomical alterations at term-equivalent 2023

age in preterm infants

Archives of Gynecology and Obstetrics 1909 1918

DOl
10.1007/s00404-023-07064-y




Ohno Atsuko Okumura Akihisa Fukasawa Tatsuya Nakata Tomohiko Suzuki Motomasa Tanaka 44

Masaharu Okai Yu Ito Yuji Yamamoto Hiroyuki Tsuji Takeshi Kidokoro Hiroyuki Saitoh

Shinji Natsume Jun

Acute encephalopathy with biphasic seizures and late reduced diffusion: Predictive EEG findings 2022

Brain and Development 221 228
DOl

10.1016/j .braindev.2021.11.003

Maeda Takashi Kidokoro Hiroyuki Tachibana Takashi Shiraki Anna Yamamoto Hiroyuki Nakata 43

Tomohiko Fukasawa Tatsuya Kubota Tetsuo Sato Yoshiaki Kato Toru Natsume Jun Okumura

Akihisa Hayakawa Masahiro

Trajectory of the incidence of brushes on preterm electroencephalogram and its association with 2021

neurodevelopment in extremely low birth weight infants

Brain and Development 979 987
DOl

10.1016/j .braindev.2021.07.003

Ushida Takafumi Kidokoro Hiroyuki Nakamura Noriyuki Katsuki Satoru Imai Kenji Nakano- 25

Kobayashi Tomoko Moriyama Yoshinori Sato Yoshiaki Hayakawa Masahiro Natsume Jun Kajiyama

Hiroaki Kotani Tomomi

Impact of maternal hypertensive disorders of pregnancy on brain volumes at term-equivalent age 2021

in preterm infants: A voxel-based morphometry study

Pregnancy Hypertension 143 149
DOl

10.1016/j .preghy.2021.06.003

Maki Yuki Kidokoro Hiroyuki Okumura Akihisa Yamamoto Hiroyuki Nakata Tomohiko Fukasawa 121

Tatsuya Kubota Tetsuo Kawaguchi Masahiro Suzuki Takeshi Tanaka Masaharu Okai Yu Sakaguchi

Yoko Ohno Atsuko Negoro Tamiko Takahashi Yoshiyuki Natsume Jun

Repetitive sleep starts: An important differential diagnosis of infantile spasms 2021

Epilepsy &amp; Behavior

108075 108075

DOl
10.1016/j .yebeh.2021.108075




Kawaguchi Masahiro Kidokoro Hiroyuki Ito Rintaro Shiraki Anna Suzuki Takeshi Maki Yuki 79
Tanaka Masaharu Sakaguchi Yoko Yamamoto Hiroyuki Takahashi Yosiyuki Naganawa Shinji
Natsume Jun

Age estimates from brain magnetic resonance images of children younger than two years of age 2021
using deep learning

Magnetic Resonance Imaging 38 44

DOl
10.1016/j .mri.2021.03.004

13 3 5

Anna Shiraki, Hiroyuki Kidokoro, Hama Watanabe, Gentaro Taga, Hajime Narita, Takamasa Mitsumatsu, Sumire Kumai, Ryosuke
Suzui, Fumi Sawamura, Masahiro Kawaguchi, Takeshi Suzuki, Hiroyuki Yamamoto, Tomohiko Nakata, Yoshiaki Sato, Masahiro
Hayakawa, Jun Natsume

Sleep-state-dependent and region-specific development of brain functional connectivity in preterm infants

Pediatric Academic Society annual meeting

2022

2022

2022




2022

Anna Shiraki, Hiroyuki Kidokoro, Hama Watanabe, Gentaro Taga, Hajime Narita, Takamasa Mitsumatsu, Sumire Kumai, Ryosuke
Suzui, Fumi Sawamura, Yuji Ito, Hiroyuki Yamamoto, Tomohiko Nakata, Yoshiaki Sato, Masahiro Hayakawa, Jun Natsume

Periodic breathing distorts functional connectivity analysis

Newborn Brain Conference

2023

Shiraki A, Kidokoro H, Watanabe H, Taga G, Narita H, Mitsumatsu T, Kumai S, Suzui R, Sawamura F, Kawaguchi M, Suzuki T,
Yamamoto H, Nakata T, Sato Y, Hayakawa M, Natsume J

Development of sleep-state-dependent functional connectivity in preterm infants

the 13th International Newborn Brain Conference

2022

EEG-FNIRS

23

2021




54

2021

HIE

24

2021

63

2021

2020




Shiraki A, Kidokoro H, Watanabe H, Taga G, Narita H, Mitsumatsu T, Kumai S, Suzui R, Sawamura F, Kawaguchi M, Suzuki T,
Yamamoto H, Nakata T, Sato Y, Hayakawa M, Natsume J

Hemodynamic response associated with spontaneous neural activity in early developing brain

The 14th International Newborn Brain Conference

2024

Kidokoro H, Shiraki A, Watanabe H, Taga G, Narita H, Mitsumatsu T, Kumai S, Suzui R, Sawamura F, Kawaguchi M, Suzuki T,
Yamamoto H, Nakata T, Sato Y, Hayakawa M, Natsume J

Efficacy and Challenges of an Al-based Seizure Detection Algorithm for Term vs. Preterm Neonates

The 14th International Newborn Brain Conference

2024

2022

(Taga Gentaro)

(00272477) (12601)




(Natsume Jun)

(60422771)

(13901)

(Shiraki Anna)




