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Research progress on brain functional near-infrared spectroscopy technology in the
field of neonates

YANG Qian, LIU Yun-Feng. Department of Pediatrics, Peking University Third Hospital, Beijing 100191, China (Liu Y-
E Email: liuyunfeng96(@163.com)

Abstract: Functional near infrared spectroscopy (fNIRS) is an emerging neuroimaging tool that reflects the activity
and function of brain neurons by monitoring changes in brain oxygen metabolism based on the neurovascular coupling
mechanism. It is non-invasive and convenient, especially suitable for monitoring neonatal brain function. This article
provides a comprehensive review of research related to the developmental patterns of brain networks concerning
language, music, and emotions in neonates using fNIRS. It also covers brain network imaging in neonatal care, resting-

state brain network connectivity patterns, and characteristics of brain functional imaging in disease states of neonates

using fNIRS.
Key words:
Neuroscience; Neonate

B LTI RE R B ARTEE, A FhEs KA
X S RS E Y I A Y A= A A (TR L
HE N ) Jii D) R S o B AE LI T g 5 B AR Rl LA
1l B DR B A R e IR T RE S, A Bh
T, B E LTS . DhREYE T 20 Ak
A (functional near-infrared spectroscopy, NIRS) J&
THR R CFM A AR ERAR, BATA .
FERE L, IEAERB AL N TR AE LI D R I
ARSCOKA A3 INIRS (YRR . Tk, IFZRIR INIRS 78
A LB T RERIF S Hh i L FH R

2023-09-01; [{%32 H W] 2023-12-24
b B ARREEE S (M22018),
2, B, R¥EARF,

Mz, 4, BIEEEM, Email:

(i 39 ]
[JEgmH ]
[fE& 4]
(i {7 ]

Functional near-infrared spectroscopy technology;

[Chinese Journal of Contemporary Pediatrics, 2024, 26(1): 86-91]

Brain network imaging; Resting state;

1 fNIRS #if

VT 21 8 635 £ R (near-infrared spectroscopy,
NIRS) T 1977 4F-f Jobsis "' 1 k44, RIS 204
ST DA R0 i ) A M) A SUHE A T e PR B AR . Utk
&, IR J T A W 2R A RS R
NIRS )30 S Jirt B 4 I 20 A8 1 R 4 il 212
PG 22 R . 480G il 20 B R K ok
(2920700 nm) WWCELZ, T AL 2128 ORI
PR DG (2925800 nm) W Z . NIRS Wil
g ph O U R AR DU 2H R . O R R I K 700~

liuyunfeng96@163.com,

- 86 °



ook 1
2024 4F 1 A

¥ E S RILHRRE

Chin J Contemp Pediatr

Vol.26 No.1
Jan. 2024

900 nm YT LLAME RN AL b, FRI0 4 300 o ) i 22
Y AU ICRT S 0 BsR B, THRDH ARG I
A = TN = W | A = = 7 5 (= DR -
TG sz Bl ey 3R 2 2 ) A8 R O

1993 4F, NIRS FF i F T S AR 2= F o
FH T W00 i Ty RE 5 IR 25 A9 NTRS 4% ARk A INIRS.
NIRS J& T 2238 i i) NIRS Wi il ,  mT DA J] Aisf 5z e K
O AS [ 7 1) B S AR O, B R AR R T A
SENEH . INIRS J& FORF Mg AR, A
Je B P 22 AR A AL, M M DX o 22 4

J 4RI 2L 2R

Deoxygenated hemoglobin

B1 fNIRSUESHEINEERMAIERRET LS HRE

AAIMLEN

Oxygenated hemoglobin

3% RO AT LI 55 s, 3% DX A i, 3 46 17
Ran, FEit—20 5 A A 2T B R B RS R
SAUMLLEE e FIE ™, INTRS 3d i W i i — i 7%
o 21 8 AR AR TE s iz X R G ) BE 1 31 2
PR 1~2) o NIRS J&—Fh JC A A9 R i1 B 1% 32
K, RZizshisgm ™, RZBpign T, f
T b 0 = 97 1 4 (ol s ] [R) BB A7 INTRS K
P, INIRS JUHGE T A LG TR g, Rl
R A ) L D) e 2 A g AR e

PN i(Eawi (S|

Total hemoglobin

AHb [mmol/(L x mm)]

ALV E AR, it L T o3 DR S 2L EE 1

RN BRI ZLA IR AT . S ZLE RN, A Hb AR IMLZLH R S AL (B

P>0.05

— 0.01<P<0.05 —— P<0.01

El2 fNIRSWFHIMM % EZ=4REE  HitL
W SRR, 5 4 IR A 190 24 2 A LE A, [ gt i A THUH 22 ] )
P28 B IS (P<O.01), W BRIEA T S| Tl 5 Tt
Z IR LS AL AT FITI5i (0.01<P<0.05)

2 EEMBFRXIEEILRIIRE RGN
A LR PR B RATR A BRAE ) T B T A Uk
W, A TR BB R T . Bk
JLTEE T T A J2 1 R R I 40, 08 Tl LAY &h S
P AR SR, UM - R S5 R e R B 2 ] Y
MATIREIE L] IG5, JF B BRI 5 B 5 | E

14 Jy 350 T Al X AR AL T g B R Y, Xk R
INIRS EEARMFGE BT LT S DRSS T 3 htk

AR LT T R B AR A 0 i B
A HAERR) K SR B AR A, Uchida-Ota 55
95 3761 A= 2~7 d BB AE LA T B o AR A
N, R ENTRS G0 75 0 745 55 5 | A 14 B Do 245 22
o] B ARk . 9T o, MRER T T RE A T,
A LEEIT BB R TGS, 1B S5 A e T
R DX 19 22 A B0 I O 265 11%) T B 34 2 P S 1
XRMPAEILERILE Y, LR SEHBHIES
BRI RE Ty, B RS S R BCA B TR A L
TR GONAIE IR . Wu 4§ " ] INTRS #£
TR A 8 A= JLRE RS TR I A [R]85 28 (4 pf 28 m] 9
ASAEAILE] o BT R AR LR B HE T A 4Rt
BRI (F)E) JeEbEIUTIIIZE, FE7ES h
7 b (5 ENTRS 0 5 3 A ) LA B D) 285 5 16 A7 490 o
W R B, SXTIRAIAA L, RO 4H A JLAE S his
A X O B AR I0 S R T LR BN T2 R
PEVARIAT 4G s A6 7 hivh, IR A2 )R TR
DX R 2205 S B @3 . REHT A LEE AR TR 1Y
AL/ R EA AR E R 2= i )s, v LA

« 87 -



526 % 55 1 1
2024 4F 1 A

o+ E 44 )UAH &

Chin J Contemp Pediatr

Vol.26 No.1
Jan. 2024

FAR G T T PR . Forgaes 45 " X 21 )38
AJLIEF R s, AR 0~3 dByHAEJLE
ZERERS I TR TR O 25 5%, IR RA XHE
A0 E B RE 1 o Martinez-Alvarez %5 12 45
TR AR LT TR A TR FURNAT & TRk BT )
W, R IR LA DX O AN A G T B
ORI, R AR JLTE AR I E RE RS LU
HIE S TEE TS . Giordano %5 ™ 4T £ LA
) 1B 8 B R, A IR AR JLNRETE 15 1
AR, XA E E S P T 2k
Bk, RUPEHEILE I AR IR LR N LRERS [X 3 [a] —
W T R

BrAE L A © HA B 1Y & AR5 BALBREE ) o
Ren 55 " WFFE AL, 45 Hh A 3~15 d RS2 7™ JLIT
AR, MEA . S R R B
(S g 1 w1 N A A A i 1 A W = S 7
Ak, AT UL LA ] Al X6 AR AR R RE T
Z IR AL B . Nallet 5 ' 43551 45 F 387 4 L
AABH. (U babamu) F1ABCZ{ (U bamuge) 35
BEFEIRN, A5 WoR ST R TR R
JEkt AAB FCHY S 1 I 30 3 5 S HEXT ABC 2 Y
RN, FRWBAEILAT DN E SR i i
LIS

PLEWRSE O 8 R T OB AR LR R AR IA
UIRemy k& AL, XSt 45 A B T
LR E A& SR R Bk E , dnl o R &
Az LG Z e S i S A T SEAGI B

3 1HEE BT E LN BE UG IS5

W LE SR E SN IEE . A
0~4 d AT AE JL AT AR Bl BEE TR 35 BT 45 i1 26 22
5, SRR AL, AR RMEAIRUS BT E
o T A b AR 2 T, BRI
e 0 R B YRR A L (LR 2 A [ DI il
ST, BT AR L RRAR G 4 LT AR 2 S B A
FER M INRER N . skPHPHAE T fd ] INIRS
W R A LA L % B X R AR R T B Y
B R TEL o BE RN, B AR LA AR R & AR
K BE I R SR R v T USSR A5 2L
TURTE T 2 IF T BN RE e TRIRTE T 25
I NZEW M A s 28 0 T AR ) JE 1B, Z )R AT
eyttt mutnl b, MANIRSEOAR, "Ly
58 A= LA 4% A0 2 RE 4 3k ml 5 1) 4l B 12 1K

o
4 FPIEXTETAE LRI RE USRI R T

NIRS X 23887 A JLAP 35 =ORIIT Al 8% 5
HATREEH, MANRSH A, E AT LIE
pu i R 1 < e N | e N S A O N
FIECT B IG5 B E &L, 15 Bl IR A JLAS [0
TRIIAN A RN SO Y, TR N B
T P b ] 4 B, R AR LB A EE GO
FARLAP . Yuan 55 {8 FINIRS AU A= JLIK
JA T FE (Neonatal Infant Pain Scale, NIPS) [R]f}
£ 5B AR LA A B2 B U AR INF R B Joit 2
N, ZERTIR, TEREA TR F INIRS SR ry9%
S VEAL 45 R 5 NIPS A8 ka5 Ar A, {H INIRS A9 8L
SRR, SR INIRS A FHAE NIPS (b 78, 358
Il RITAS BT A= ) LA B L o i

NIRS s 58 FH T35 B e 8 A= )L | PR
FIHINIRSHA, 48 53 AT DAPFAL B2 LY AN ] Jak
EEUR: GUL LY Ea A & S A (1E 7% AN W SN 5 28
T Aff e WG A s o0 22 LA RER Ry sz ), dE g4
LI s A R B (Kangaroo mother care,
KMC) S48 ¥ 8 A= JL 2% 58 TRk o5 M P AR &8 X 3,
TEE LR TEREE MY . 7EAEgR 7 SR, win] LU
LR R LA LA 47 A B s Bembich 45 2! i
FHANTRS PEAd 37 A2 LS KMC R4 Rz s e, 45 5%
B, NI AR B R LAE R . AR JER R BT Rz B Ky
Jor BRI B AL 6 KMC R 2 35 0 . SR AR 4
— I SE LIRS KMC /] DAREAR R ™ LA B A2 LI
PIBET 3 2 Karen 55 ) fif T ENIRS Wil PRGN
X A ) LA B 3T ) 3% B s . W s, TN
ST, A A R P A B B 3 4 Y Il 218
e BE 3G n, 2R BH DAY 0S4 1 AR AR i
[ I AEIEE . Ak INIRS n] gk — 4 FH 580 B
TGO T A LK D e & B 52

B AR L P R AETE 2 R 25 ) 1) 0ok, AT e
WopAE L, SRS, Frie 5§ ™ i ] INIRS M
DUEL 5 JL XTI 5 S AR %) i D) 248 Y3 T 1 00 0 %o B 2
JLEEAT TYIRAT MITAl, 25083k M, R JLEER
IEJG S 31 JE B 2 28 AT LAAE = X & Fn i £ 8 Ak
Bl S S i G B W RS 1 A E R 3
S E 0 5 R B R R AEAR DG, 1 1 R A
A G AP R B B BT o Frie 55 7 AT AR
JLAr i 2 58 F & A B OBk EZL B A B A BRI

- 88 -



526 % 55 1 1
2024 4F 1 A

P E SRR E

Chin J Contemp Pediatr

Vol.26 No.1
Jan. 2024

ek xR, SRR, A BILAR R
(R IERRIE T2 32 J)) L ZAE 25k THFLARIA &R
TR XU 52 B B, e CFF IE NI IS 74 35
Ja) B LA B 1) 55 SR B PN B ST
JiE i 32 J& b LT B )L AT LAAE B SRR P 3 Hh A
WA B UR . IX 88 0 A B T s A LAY
BE IR HIE TR R . INIRS BN B A LA B
PR At T AL T

5 FaE)LFR RSN M4 A5

i S A X 2% A 5 A o) e R AT ik D) e e 4
BT, R A ES ML, XA T
FiE WD REFIAS [A] A 25 Rl R F s A ol TR
X2 E R MRS BR S >, B, JCHEGE T
A LI R e oY o

A L 2 A5 I D e % vk WT D s moE AR L
A FBENCIR A . BraA LA, 2fesid LA
Bf i SR B AT SRy L TR S P AR S R ]
W AR LR, anTE st WM. &
MRS . Kelsey 25 2 WF5E T 8 A= L B S B D g
A S HA R . A IUHAE LB ik D e %
PSSO, UE AR LA R 22 T g
ki Dy i 1% 42k 25 S ) HAR R I . Kelsey 55 27 i
7 B R A AR e e A 5 2 ) LR 1 U
SR, TR INIRS WA BT A JL AN Zh 58 4 He 0
FFIEAC RIS e RAVFAR B AR LA, 45 R R,
A L8 T A W RE R AL N 25 S S5 AR ik T e i
FEVER) 22 S AHOC, SR iz 18 R R AT LA 3 52 i) 35
A LR BRI S RE e M T . X — R B R R
A - — Wt g 300 e 7 R S AR AT R G
AL TR MR . Lee 55 2 I FH ANTRS 1A H 5]
56 A I T A ) L 3% 3l e G R0 222 g e G B 1) g oK) 6%
HEAEYE, R AE JUAETE Sl B HIR S0 (7] 22 1R 8] ) 2%
AR R T L W B AR D[R], 7T <2 e A R A ]~ 2K
NI D 4 e R T i, R A LG B g i 4k
ATz e B A LA BERRCR S o INTRS # 2 S ki T g
T FEE S AT AT DS i g A L A i D 4% kI O
Arimitsu 55 2 fiff I INIRS I 3= /2 H L . Jii i 30 J&
K UL BB JLFIRES 30 J& LT 5™ ) LA i 9 265 3%
ek, WFIE R BUIRIE 30 S8 K LA b B 7= JL I ik 19X 2%
PR W 2R TR T LRSS 30 R LA B9 57 L,
Jit#4 30 J& K DA BB = JLALE H L AR s A g X
Sl 00 284 i R B R R B W v TR U 30 R LA

W)U, $ i JLAE LR IR 30 Ji 22wy 1 R0 45 v R
HEH, —BIMBAFBAG, AT LA 2 R 45 04
B, X2 30 LUK ARG LS B
SAGHGRIIRIN . Il i, # A INIRS A 8
G — B PEAG T AR L 22 T RE K T OO A4 I TR
TH

e

6 FRmRETHEILRIIRER G

B LI T S BUl 2 D) BE S, INIRS
JAZ T LU A 28 T RE Y S8 208 . 58, INIRS
AR A PR AT A LA TR & 5 B I BE 1 324
Bertachini & " 43| 45 T SE KA 5 T8 HUBRGL RN R
BrELAREE R (BRrJLE . fF9E AL
Wy BIEREER RS . PG e ),
FHINIRS WETH & (7 BAL BRI 22 00), 255 3R0T, ¥
S B Az L5 A R A= JLAH BE BT A [ B R B
B, 33X A i PRIR AT B IR 258 A= LG 2 g
SEAR P RE B AL SR HE TR . HAK
NIRS AJ FRA PR 7 A2 LA BT 26 7 B Y BE
N5 Linsg 1 e g e AR ) LRSSt i M fik
it (hypoxic—ischemic encephalopathy, HIE) #4 )L
IELEFIALRI, I ENIRS Wil w2887 A L o
THRE R PR IMLIR  J) 2 SOy, % 30 HIE 3 A= LA
Hh [l XIS RUIMBEAS P R RE 2 451, R HIE
B LA AR 28 B BE ) TR, X —45 2R
Tl 6T ENTRS A6 U5 DR 25 T 26 LA R Ak 3L
2445 B A BE T mT A 2k L B RE 46 405 1) Sl i
Wior=o e, INIRS ATHRA B IR B A LI
SIS R . Zhang % 7 T ENTRS 1)
et SR AR BRI P A 4 T A L BT A L Y I 2
REFEHEME, T BRI AR I 1 s 3 473 397 A L A il )
IRV T R, P 2 A 1] A U RBR |
FeAMVASE - [l 0] v g J A5 35K ) i 2 RE i 2 1R
R HE R 35 . Kebaya %5 ™ fi F = 4 /i figi #8 7 F1
ENTRS J 59!l D00 65 17 i 2 ] 6] — fiki 2 1 o L JLRY
i % 2SRRI D RE e e . AR W, M~V UK
N IS B RO AT I A L, H
Hog R A TV S 22 T ) A 2 RE i i
I EAR T AT AN = o L $ER M E
P H IS B 2 DI RE S, AR YT LA
ML ARIE A R A B S B b A, ATk
BRI Re .

BARATTE P W, AR TR A LK

.89.



526 % 55 1 1
2024 4F 1 A

Chin J Contemp Pediatr

Vol.26 No.1
Jan. 2024

M2 IREZ
ik DI B 52 45175 L

38 ENTRS K0 AT LB U b T fir
o A3 BT R L K B4 4

SURSE T HUAY I, RN, o
B NilE

7 INERBISRE

ZE Lk, INIRS 768 A LA 2 B Wl 25k
AR 2 7 AR o 3Bl SR — 7 T R A TR
FAELES . . EEENMEM% N LEER
A, ARIERTE L B et o EGE T AR L
AP RS R ECR BTk . D3 — T T EE A AR
AT HA LML RE MR IRER . Kok
ENIRS 7EH7 4 LR B e Wa il 45 sl A7 25 ) e %) i Jre i
Roé%fmmmzmum@mﬂu%h,Tu
TR FLHR AR H AR R S, A
ki 4 Mﬂﬁ&%%éﬂﬁﬁéﬁﬁﬁ%%hm
igetkAs . Hk, MEF NIRS, NIRS AJE— 0
FEA PR TR A LI T ge ARk ia g, Ml
PRI 41 B U A B o ENTRS £ ACKE 7234 LA
JHURH 2827 R DA B 2 A5 4l v 472 1 o o 2 1Y)
YEH .

E TR BN B
TRE, XN E=ERFTLF

oI AR SR FrE |
a@ﬁﬁ&%&o

M@ RFBW: AL BRARA SR

(& % X #]

[1] Jobsis FF. Noninvasive, infrared monitoring of cerebral and
myocardial oxygen sufficiency and circulatory parameters[J].
Science, 1977, 198(4323): 1264-1267. PMID: 929199.

DOI: 10.1126/science.929199.

[2] Pinti P, Tachtsidis I, Hamilton A, et al. The present and future
use of functional near-infrared spectroscopy (fNIRS) for
cognitive neuroscience[J]. Ann N Y Acad Sci, 2020, 1464(1): 5-
29. PMID: 30085354. PMCID: PMC6367070.

DOL: 10.1111/nyas.13948.

[3] Chance B, Zhuang Z, UnAh C, et al. Cognition-activated low-
frequency modulation of light absorption in human brain[J].
Proc Natl Acad Sci U S A, 1993, 90(8): 3770-3774. PMID:
8475128. PMCID: PMC46383. DOI: 10.1073/pnas.90.8.3770.

[4]  Wolf M, Wolf U, Toronov V, et al. Different time evolution of
oxyhemoglobin and deoxyhemoglobin concentration changes in
the visual and motor cortices during functional stimulation: a
near-infrared spectroscopy study[J]. Neuroimage, 2002, 16(3 Pt
1): 704-712. PMID: 12169254. DOI: 10.1006/nimg.2002.1128.

(3]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

.90.

Schmaderer LF, Meyer M, Reer R, et al. What happens in the
prefrontal cortex? Cognitive processing of novel and familiar
stimuli in soccer: an exploratory fNIRS study[J]. Eur J Sport Sci,
2023:23(12): 2389-2399. PMID: 37535067.

DOI: 10.1080/17461391.2023.2238699.

Cui X, Bray S, Bryant DM, et al. A quantitative comparison of
NIRS and fMRI across multiple cognitive tasks[J]. Neuroimage,
2011, 54(4): 2808-2821. PMID: 21047559. PMCID:
PMC3021967. DOI: 10.1016/j.neuroimage.2010.10.069.

Teie D. A comparative analysis of the universal elements of
music and the fetal environment[J]. Front Psychol, 2016, 7:
1158. PMID: 27555828. PMCID: PMC4977359.

DOI: 10.3389/fpsyg.2016.01158.

Taga G, Watanabe H, Homae F. Developmental changes in
cortical sensory processing during wakefulness and sleep[J].
Neuroimage, 2018, 178: 519-530. PMID: 29860079.

DOI: 10.1016/j.neuroimage.2018.05.075.

Uchida-Ota M, Arimitsu T, Tsuzuki D, et al. Maternal speech
shapes the cerebral frontotemporal network in neonates: a
hemodynamic functional connectivity study[J].
2019, 39: 100701. PMID: 31513977. PMCID:
PMC6969365. DOI: 10.1016/j.den.2019.100701.

Wu YJ, Hou X, Peng C, et al. Rapid learning of a phonemic
discrimination in the first hours of life[J]. Nat Hum Behav, 2022,
6(8): 1169-1179. PMID: 35654965. PMCID: PM(C9391223.
DOI: 10.1038/s41562-022-01355-1.

Forgacs B, Tauzin T, Gergely G, et al. The newborn brain is

Dev Cogn

Neurosci,

sensitive to the communicative function of language[J]. Sci Rep,
2022, 12(1): 1220. PMID: 35075193. PMCID: PMC8786876.
DOI: 10.1038/s41598-022-05122-0.

Martinez-Alvarez A, Benavides-Varela S, Lapillonne A, et al.
Newborns discriminate utterance-level prosodic contours[J]. Dev
Sci, 2023, 26(2): e13304. PMID: 35841609.

DOI: 10.1111/desc.13304.
Giordano V, Alexopoulos J, Spagna A, et al. Accent
discrimination abilities during the first days of life: an fNIRS
study[J]. Brain Lang, 2021, 223: 105039. PMID: 34678622.
DOI: 10.1016/j.bandl.2021.105039.

Ren H, Zou L, Wang L, et al. Evaluation of the short-term music
therapy on brain functions of preterm infants using functional
near-infrared spectroscopy[J]. Front Neurol, 2021, 12: 649340.
PMID: 34650500. PMCID: PMC8505667.

DOI: 10.3389/fneur.2021.649340.

Nallet C, Berent I, Werker JF, et al. The neonate brain's
sensitivity to repetition-based structure: specific to speech? [J].
Dev Sci, 2023, 26(6): €13408. PMID: 37138509.

DOI: 10.1111/desc.13408.

Zhang D, Chen Y, Hou X, et al. Near-infrared spectroscopy
reveals neural perception of vocal emotions in human neonates[J].
Hum Brain Mapp, 2019, 40(8): 2434-2448. PMID: 30697881.
PMCID: PMC6865553. DOI: 10.1002/hbm.24534.

TEPHPE, RS, T8, . 0~1 2 B LSS i & R e
SNBARBTFE ], LBE2EAR, 2023, 55(6): 920-929.



526 % 55 1 1
2024 4F 1 A

P E SRR E

Chin J Contemp Pediatr

Vol.26 No.1
Jan. 2024

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

DOI: 10.3724/SP.J.1041.2023.00920.

Zhang L, Yang L, Lei X, et al. Pain-related changes in crSO,
among premature infants undergoing PICC insertion[J]. ] Matern
Fetal Neonatal Med, 2023, 36(2): 2241976. PMID: 37527965.
DOI: 10.1080/14767058.2023.2241976.

Yuan I, Nelson O, Barr GA, et al. Functional near-infrared
spectroscopy to assess pain in neonatal circumcisions[J].
Paediatr Anaesth, 2022, 32(3): 404-412. PMID: 34747096.

DOI: 10.1111/pan.14326.

Miguel HO, Gongalves OF, Cruz S, et al. Infant brain response
to affective and discriminative touch: a longitudinal study using
fNIRS[J]. 2019, 14(5): 571-582. PMID:
30352004. DOI: 10.1080/17470919.2018.1536000.

Bembich S, Castelpietra E, Cont G, et al. Cortical activation and

Soc Neurosci,

oxygen perfusion in preterm newborns during kangaroo mother
care: a pilot study[J]. Acta Paediatr, 2023, 112(5): 942-950.
PMID: 36722000. DOI: 10.1111/apa.16695.

WHO Immediate KMC Study Group , Arya S, Naburi H, et al.
Immediate "Kangaroo mother care" and survival of infants with
low birth weight[J]. N Engl J Med, 2021, 384(21): 2028-2038.
PMID: 34038632. PMCID: PMC8108485.

DOI: 10.1056/NEJM0a2026486.

Karen T, Kleiser S, Ostojic D, et al. Cerebral hemodynamic
responses in preterm-born neonates to visual stimulation:
classification according to subgroups and analysis of frontotemporal-
occipital functional connectivity[J]. Neurophotonics, 2019, 6(4):
045005. PMID: 31720310. PMCID: PMC6832016.

DOI: 10.1117/1.NPh.6.4.045005.

Frie J, Bartocci M, Lagercrantz H, et al. Cortical responses to
alien odors in newborns: an fNIRS study[J]. Cereb Cortex, 2018,
28(9): 3229-3240. PMID: 28981619.

DOI: 10.1093/cercor/bhx194.

Frie J, Bartocci M, Kuhn P. Neonatal cortical perceptions of
maternal breast odours: a fNIRS study[J]. Acta Paediatr, 2020,
109(7): 1330-1337. PMID: 31782829. DOI: 10.1111/apa.15114.
Kelsey CM, Farris K, Grossmann T. Variability in infants'
functional brain network connectivity is associated with
differences in affect and behavior[J]. Front Psychiatry, 2021, 12:

685754. PMID: 34177669. PMCID: PMC8220897.

[27]

(28]

[29]

[30]

[31]

[32]

[33]

.91.

DOLI: 10.3389/fpsyt.2021.685754.
Kelsey CM, Prescott S, McCulloch JA, et al. Gut microbiota
brain

composition is associated with newborn functional

connectivity and behavioral temperament[J]. Brain Behav
Immun, 2021, 91: 472-486. PMID: 33157257.

DOI: 10.1016/j.bbi.2020.11.003.

Lee CW, Blanco B, Dempsey L, et al. Sleep state modulates
resting-state  functional connectivity in neonates[J]. Front
Neurosci, 2020, 14: 347. PMID: 32362811. PMCID:
PMC7180180. DOI: 10.3389/fnins.2020.00347.

Arimitsu T, Shinohara N, Minagawa Y, et al. Differential age-
dependent development of inter-area brain connectivity in term
and preterm neonates[J]. Pediatr Res, 2022, 92(4): 1017-1025.
PMID: 35094022. PMCID: PMC9586860.

DOI: 10.1038/s41390-022-01939-7.

Bertachini ALL, Januario GC, Novi SL, et al. Hearing brain
evaluated using near-infrared spectroscopy in
toxoplasmosis[J]. ~Sci 2021, 11(1): 10135.
33980948. PMCID: PMC8115034.

DOI: 10.1038/s41598-021-89481-0.

Liu L, Geng Y, Cui Y, et al. Significance of the ability to

congenital

Rep, PMID:

differentiate emotional prosodies for the early diagnosis and
prognostic prediction of mild hypoxic-ischemic encephalopathy
in neonates[J]. Int J Dev Neurosci, 2021, 81(1): 51-59. PMID:
33118216. DOI: 10.1002/jdn.10074.

Zhang S, Peng C, Yang Y, et al. Resting-state brain networks in
neonatal hypoxic-ischemic brain damage: a functional near-
infrared spectroscopy study[J]. Neurophotonics, 2021, 8(2):
025007. PMID: 33997105. PMCID: PMC8119736.

DOI: 10.1117/1.NPh.8.2.025007.

Kebaya LMN, Stubbs K, Lo M, et al. Three-dimensional cranial
ultrasound and functional near-infrared spectroscopy for bedside
monitoring of intraventricular hemorrhage in preterm neonates[J].
Sci Rep, 2023, 13(1): 3730. PMID: 36878952. PMCID:
PM(C9988970. DOI: 10.1038/s41598-023-30743-4.

(AR E50)
(MRAUITAT ©2023 HE 418 LRk



