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Application of brain functional connectivity and nonlinear dynamic analysis in brain
function assessment for infants with controlled infantile spasm

YE Xiao-Fei, HU Pan-Pan, YANG Yang, WANG Xiao-Cui, GAO Ding, LI Qiang, YANG Bin. Department of Neurology,
Anhui Hospital, Children's Hospital of Fudan University/Anhui Provincial Children's Hospital, Hefei 230022, China (Yang
B, Email: 19156008911@163.com)

Abstract: Objective To investigate the role of brain functional connectivity and nonlinear dynamic analysis in
brain function assessment for infants with controlled infantile spasm (IS). Methods A retrospective analysis was
performed on 14 children with controlled IS (IS group) who were admitted to the Department of Neurology, Anhui
Provincial Children's Hospital, from January 2019 to January 2023. Twelve healthy children, matched for sex and age,
were enrolled as the control group. Electroencephalogram (EEG) data were analyzed for both groups to compare the
features of brain network, and nonlinear dynamic indicators were calculated, including approximate entropy, sample
entropy, permutation entropy, and permutation Lempel-Ziv complexity. Results Brain functional connectivity showed
that compared with the control group, the IS group had an increase in the strength of functional connectivity, and there
was a significant difference between the two groups in the connection strength between the Fp2 and F8 channels
(P<0.05). The network stability analysis showed that the IS group had a significantly higher network stability than the
control group at different time windows (P<0.05). The nonlinear dynamic analysis showed that compared with the
control group, the IS group had a significantly lower sample entropy of Fz electrode (P<0.05). Conclusions
Abnormalities in brain network and sample entropy may be observed in some children with controlled IS, and it is
suggested that quantitative EEG analysis parameters can serve as neurological biomarkers for evaluating brain function
in children with IS. [Chinese Journal of Contemporary Pediatrics, 2023, 25(10): 1040-1045]
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BL)LEEZESE  (infantile spasm, IS) f&—FP22E )L
WAL S, DRI RAE, lE A
& B 3 BAR #F R K H# K (electroencephalogram,
EEG) mEE R, fiflul, HAEWRERN (2~45) /
10 000 773G 2L "0 2022 4F B8 (0 [ Brfroin 1
"3 (International League Against Epilepsy, ILAE) 43
Ferb, IS MHARSCLE AR B an 44 B LW
S M2 28 28 & fE 7 (infantile epileptic spastic
syndrome, IESS) %', IS KEWGAR, A7 KIER
TURE AR sl e LA ] R Bt A, R R
oz . — Ik 1.3 510 Bl D5 F 9T IE 52 86%
IS E A INAIBERS, 65% A7 FERFEalin ZAE s

EEG S22 Wil fix 210 57k o 1448 BEG B&
Uiy H ALK A 7E 1S e h R R B AR . B
BOAEE S B EEG H I E 5 09 8 LA A7 7E N 4
i, BN EEG TCIEPEAG H DI RERS, PRI 2
TS . B EEG 20 M Al 2 38 K X 18] i A
HAEM, SRS REREAS o Shrey &5 ¢ XM T
Y22 B LI BEG AT E BT R, PRZEd LX)
TR AT B ol . EEARE R NREM 2% . AT IR I7 A AL
B GE SO FRZE RN L) RSl e 2 i 1 ok 1
TR, RTINS BT T R R R
1% 42 1) EEG FRAEAS B S5 I i 0 265175 D0 I F % H BU=
BEATN PRI, AR IA YT IS AR R EL
Hl EEG IEH 1Y 1S UL EEG #EATE 08T, L
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1.1 HRIFH

[l EPE e PR 2019 4F 1 H—2023 4F 1 H %84 L
& e LB 2R 2 1S LR 4. 9
AbRifE: (1) ZEEEG K ARG K EHE 52
2NHULE, EEGHMIES . (2) ISEWZIILAE
il 2 Wibn e 0, B WL . L sRR A i i
PEERZE; WUR RN RAEMBIEEG i B R
23R AR AR s RRAE IR <2 %5 IR
22 RANE B EEG )5 BE R R Bt . HEBRARE :
Il RGBS

BEREIRIIME ) . AF % DT TC A 14 491 fi BRE A L
FONMRRE B . W AARIE: (1) TCE M s
RGN, KEIEH; (2) EEGHINIERJLEHER
IR TR R TR

A5 3 3 L s L R B R A A A PR 2
FiosditfE (EYLL-2018-054), Jf3Rf3 8 JLIEP A
YR [A) &

1.2 FREBEHEWE

[ Jast S B B 2 3 BBk B EEG e SR o
EEG #J% ] H A< Kohden EEG REEZR S, M E PR
10-20 b 19 N HLM, SRAERFK 3~4 h, i
RELFERL
1.3 FHEBHELLE

F 2 N B B L B A B, XS T A R R
GAG BT AN DA TN o o e B B 4 o B R
JH MATLAB R2023a % K¢ 1 o 43 87 + B
EEGLAB T HAL ., B /X RAE B S T Tl b 34 .
G —RFEF N 200 Hz, SR EIETE 1~45 Hz Z [H]
HEF PR UENE , A BOITAIBRIR B a0 b 3

(1) TRt & 5ex B8 1 nY A
G BUR Z oy B AL, EHISE N 0, FRiEZER L.
P TR A 40 B b G 2 R] ) e R A
KA A T LD RE IR R . O T VP4 B AH G
R &M, JehRuEfbAbEE, B Fisher 28 5 1
A AERR A AR E 22 s SR E M nifEfb Z 5 i E
MIRAE S IR AT X, BB 1 s Sr B 4
ANEE X R D Rk R EEER 1 000 K)E
X AR PR HE A AR DS HEA T HE Y, KT ai4s
TS 95 H 40 B AR AT LA SR fb 25 M B (EL
GEAT) o Bl ST R4 ST ik HL g 1S
2 Mg X IR 2 M ) D Re i e 25 5, DA
2 A GOEA (R LI N E B ep OR 5% SUSUK VA
PEATPIREAR A 50, 1R 0 MRS 0.001 CR3E
TEHLERIE), ZRAGIFE A TR
MNP T IR T F M4, IR+
MZE RN (T & I 5R80) o B R E
Keme, XF 2 2H9ERUEAT 10 000 REEHLE e, K E
e J5 P TRIRE 0 5 vk 0 i th e K PN %%, J 15
AT D 2 A S B A A KT 40 A v
HEY , BIHATEE PIE, REREHETERT 5% M+ 4%
SO E R IR

(2) MR EPEHr: M7 B A 1 i
MR BN I R DIREM 4 .
K 8 B 1 EEG B 4 73 1l — R A0 [ 1 i)
KA FOoR A S B, TR E
(SR . ARG A TS A i R 2 S H A
I [) I F0) 2 422 6 P 1) 2D AH G PE R (. (MATLAB
PREL “corr2” ) R EMNTMIIREME . X T
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25s. 50s, 75s. 100s, 125s, 150s. 175s
200 s — FRINA[FH LRI TR 0 1, 430 H 2 ek
L, IR A BRI ] 60 ORI A A DG
I3 EE RN 95% EAF X 8], 5w 1 O & B
(false discovery rate, FDR) X} FfrA5 Bsf [0] 4 & ) 48 11
PEAEATAZIE

(3) AR L 3h Jy 2 a0 M . 3F AT L
(approximate entropy, EnAP) . F#£ A& Ji (sample
entropy, EnSA) . fE 51l #i (permutation entropy,
EnPE) . LZ & 2% J¥
complexity, PLZC) . EnAP J& — i iR {55 & 424k
FIAMEPER G, & 0T 0P ik A5 AR AR
S WHEHRIT . OmASE; OWETTFI;
O ETFIIR A AL ;. ORI T80
U LB 4E ;. @ELZLTRO~@D, 157 m+l
KER TR MAELE LA MEE: @iFH
EnAP. EnAP BN EnAP (m, 1) = ¢"(r)-
" (r)e BUm=2, rA02f5HIME ShRIERE ., [FIFE
120 BR AT EnSA 1155, HAXH EnSA (m, r) =
-in[@"(r)le" ' (r)]o EnPEHEABIT . DA
ZH OWET Y OB @iFE
FHHAB A REA ;. G EnPE, EnPE 152
M EnPE (m, 1) =-sum([ p,x In(p,)], Hdp, &
iR R AT R, QR A
HEFIBE AR BE R 0, W Z 0200 . @t LA 20
%, LRI EEG RS M EnPE. HAm=3, 7=1.
PLZC IR A B T8 7 90 i R 4R TEfE . b

(permutation lempel-ziv

fet RS A2

B ISHES GRS i 2 &5 E

B . OASE; OWET P51, O EHE
FIRET A, @OIFRE A28, WMl LR, ]
DS EIEEG S S LZ B2 . BeJa Xt 4~ rpl iy
Lk s F12 A AR bR T RE A (GG (2R Fbd)
FFHEFTFDRAZIE
1.4 SFitFESH

)7 1 SPSS 26.0 K MATLAB 4 {44 78008 237 -
A IESDARTT R ORI A B = bR 2E (X £ 5)
FOR, 2HM LR A e/ 55 . 1B R
BB (%) For, A HECRH K5 . Y6k
HEREG T bR R AL T M4 g ik it A5 £
AR, Mg Pk S ARLt:3h 1241 PIEYY
KHFDR ZH LK IE . P<0.05 N 5H G+

2,
2 #R

2.1 ISHESEEITRARERFFMELLE

LGN AIS BB 1491 5 fdt B Xor e 20 A Ak P 25
ARG 26, FLWA 1245, 240 LENE
B (?=0.248, P=0.619) . 4 ¥ (1=0.159, P=
0.875) EZESH TG E L,
2.2 IfNfEiERE

241U 191l N R S UL 1, 5
fat R REZH PR, 1S AL 0 246 34 i PE g o, Hop
Fp2 5 F8 Tl 1 2 [A] 14 3% 42 Bl 7 1S 41 i 38 K ekt
REXS MEZH, Mk PR 0.033, {421, %
SAG R L

1S 2 vs (R RERT B
Fp2 u

PIA: B TR I 3R 74 8 2 R AR P 28 e R 00, 26 — AT 4R Al

SREHSRE R T 015 il . ARSI ERA AR IREERIRE, Hrh 2O RFR IR HEOR, O RFmIIREMmRIE
B, SHORITRIIREEHIRE A, KB {0 R A 1S 28 6] i ) 24 HE iR 2 S AT e SR I . AN SR AN

MGETHE Ll Z0030R 1S LRSI T FEx iR
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2.3 MEREM HLHE E A EnAP, EnPE, PLZC HEK 2 R4

PO A 1S 20 45 it e xof BEZH 7R AS [ B 1) [ 78

THIMZERE T, AR, TE25~200 s A K
RIS, 1S 2H M 48 A2 1R 34 ey T e e ) HR 2
(P<0.05). WIK2.
{4 1841
0.76 T T
0.74 1
0.72 — — A
0.70 '///
#0681
¥ 0.66
0.64
0.62
0.60
0.58 . : . - . -
25 50 75 100 125 150 175 200

7 FURE R (s)
2 ISAFMERNBAHAEARKERBEEQOTHM

KIAEMN fRBEXTHRZL (JK) FIISZH (#) FEA A B A i)
T ORI, SLERFR A B, I Rm 95%
EAEXE] .

2.4 FEZEKEHNFES
IS AL AE Fz iM% |- EnSA /N T EEXT R4, 22
SHESEE X (P<0.05), W1, 240)L#E A

3 ISHEFMEREE
PLZC P A

HEHE T LA R iR E
BEATZEMAERE X IRZH, AN IS, Hrhio RAECHEL @, S/IMER

RN (HP>0.05), W3,
F1 ISHMERMNBAMEEIRENSALLE (rxs)
o fa BT AR 2 1841 gy DR HIESE
(n=12) (n=14) PE
Fz 074+0.07  059+0.14 3.37 0.048
Cz 0.69+0.06  0.59+0.15 2.08 0.135
Pz 0.67+0.03  0.59x0.15 1.93 0.155
Fpl  079+0.15  0.67=0.20 1.73 0.182
Fp2 078013  0.69+0.20 1.40 0.194
F3 0.85+0.13  0.70=0.22 2.09 0.135
F4 0.83+0.10  0.73+0.21 1.47 0.187
C3 0.81+0.09  0.67=0.20 221 0.135
c4 0.79+0.08  0.68+0.18 2.07 0.135
P3 075+0.09  0.66=0.17 1.60 0.187
P4 075+0.07  0.66=0.17 1.67 0.187
01 078+0.12  0.68=0.27 1.15 0.261
02 084+0.17  0.68=0.26 1.87 0.156
F7 0.82+0.12  0.71=0.24 1.46 0.187
F8 079+0.12  0.69=0.19 1.46 0.187
T3 097+0.15  0.76=0.22 275 0.106
T4 096+0.15  0.83+0.27 1.53 0.187
T5 0.89+0.16  0.730.20 2.23 0.135
T6 093+0.16  0.82+0.28 1.17 0.261

M [Fzl] Bip4; [Cz) Hplepsl; [P2] TiHRZE; [Fpl] A&
itk s [Fp2] H#iM; [(F3] £%i; [F4] H%i; [C3] Aok
[C4] Aivhokes [P3] ZET0i; [P4] 451005 [01] Akk; [02] £tk
(F7] ZEmis; [F8] Amgii; (T3] A, [T4] fHh#i; [T5]
Loy [T6] A7)

JHHERT R

A, B, C. D45} EnAP. EnPE. EnSA.
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3 itig I FL e F AT AR A2 2 iy sl e . R TARER

1S Ay f 5 L 1R 2 LA A s ) 00 PR i, &
VEXELARE S, FEAEA T AN B . e
WARIS ZAE A TG 2 4FE N, R R AR IR 3~7 H
17 A R R R B R DGR R Z R TS X
LA A Ty RE SZ A P RE B AL AR B . Gaily
S5 XIS LT R IR T R B, TR AR R AR
#l ELEEG IEH 5, 10/15 B EAFAE ARG, 6/15
BE RGN IZ Sh DI RE A3 K B BLAEIR , RS ph
P . AT RHIRZ L., RIMER J1IEw, 0T fE
TEAERS B B S B . DR LA -8 300 i 2 e 1
fiJr ek, AT IR T3, XecE R LB A
FRE .

b & T BE G L PR iR . EEG S AR 1 &,
G E8 5 9 5 A i DX = ) 0y R 3 e S ) R S
B, HETUCRBRASET,  1E 5 I 2%
ZEIWIR . Sunwoo 25 10 X HR B BER 1170
B fi S5 ) I F HEA TR A, A BRI ) g i
P g, DRGSR N . EEG 1R % &k
VEPEBRIZW R )32, i sE & EEG 2 #r T LU
PEAT W & AE T . 25 IR T M L DA PR
fli &

EEGTEIS BIL R ) iz, Horp s R Al
S22 28 A J i P A AR R RS AR S W 1) T AR
RAEE I B ILY, 13% 19 1S L H W EEG iF
O, I A A B EEG A2 BRI T R K
WIgE R, sk R A s R . AR SRR
BRRIS BOIL AN 5 0 i 0 2% Fe AR 2kt sh 1 2%
FRIE, 455 B0 1S 415 {4 52 XoF R 201 [ A7 7 i o) 265
TR B AR R 22 5 . 1S 4L I 45 0 R
TN R4, Horp Fp2 5 18 W38 18 2 0] i) 4 3
IR 2 A G E L BRI IR & IR 2R i
B AR A R M, LTS SR LB I I 45 4 A5
553097 RO RN A TS AHOC ' I AR 1 5
LRI AE HAEFHA )¢, Chen 2 1o Mg HE R 2 4
SRR S I 0 25 R e MERF AT B, 0 IO o 0 6%
FEME LT, BRI M 45 5 H b i X 22 () 58 B )
RIGME TR, RN 2 B mT B R GE N2
T — U e b . ANIFSY & RAE 25~200 s
FFA K B I ] 5 R, 1S 41 W 48 A 5 e 1 W 3
TR o $ 7w 1S LA X 8] 3¢ H. 4 R 36
A, FTRES AR RO LIG 45 5 AT A TR R
PIAHR A 5C

PR3N 7507 WX I A 5 AT A, AU S
()42 7% B 7 T LU A% B8 B s AU o BT S 3.
FHRAEL A3 1 280345 EnAP . EnSA %, X2t
YAk S eSS b, AT DOE A iR
G982, ARG SRR AR Y 2E
SARBES IR TR B R D REHR AL T
AL &) R P bR R YT A B 9 22
EnAP. EnSA. EnPE. PLZC X} IS 2H Kz fdt B XT HE 20
JLE MR A A B AT o0, SRR, 1SS
{eE B X FEZLTE Fz AR ) EnSA 278 Giit 242
S, RIMISU/INTHEFEXT IR . i ig 20 AR
TGSk R, R R 2% B R AIRAE
Ayt AT B AL al g H > Y O e
TR TE S . EEG IEH A IS HUL K B B AL FHfig
TR, ArReRECeEL . IARIAERE I

gE LRTR, AW LB B KA IS B
JUATSAFAE G W 2% B S 20 B S o AEDRE g B L2
1S FB LA R AR J AT A A i X T) 22 B 1 2R3
AR, [RIEJRIG f Jo f A5 B e b o 455 T
W, IR S A 27 > e ) 26 5%
(R AT, S 00 ki R A2 i 0 BT A AT R 1S i 2 g
RSB LY E bR

FBFREW. AR ERRA EPE,
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