H522%5 55 W FE LR ILA R E Vol.22 No.5
2020 4F 5 H Chin J Contemp Pediatr May 2020
doi: 10.7499/j.issn.1008-8830.2002006
ZER
JUHE R PRS0 P vl e s DXk g A B i £
2P A g AL e E 5T 10k g
K AAH BE Wk WK
(PoRFMIEERAZNA, Hd K 410008)
[FE] L RYE b OB IX B (BECT ) SULAIA IR R R 2, 5 55 1 28 M 245 2 DA G .

235 KA LI D RE ) 2 B 2SR HAR AR B IE WF MU IG5 0 22 M 2% i ) TR, mTadad oA 2 4
FURR D REAR GRS AR E R, PRI DA RN FReRt A & A= L o 1230 BECT S LN AS7E 2R 25 L% il

BT S R TERIR o [ PEHRILBERE, 2020, 22 (5) : 528-532]
[R883R ] L RS b iR IAAIRERY; ZRSRR; ILE

Research advances in multimodal magnetic resonance for cognitive impairment in
children with benign childhood epilepsy with centrotemporal spikes
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Abstract: Cognitive impairment in children with benign childhood epilepsy with centrotemporal spikes (BECT)
has complex etiologies and is closely associated abnormal neural networks. Multimodal magnetic resonance imaging of
brain structure and function is a powerful tool for studying abnormal neural networks of cognitive impairment in epilepsy
and can explore the pathogenesis of cognitive impairment in epilepsy at the level of brain structure and function by
analyzing the imaging features of brain structure and function. This article reviews the research advances in multimodal

magnetic resonance for cognitive impairment in children with BECT.

[Chin J Contemp Pediatr, 2020, 22(5): 528-532]

Key words: Benign childhood epilepsy with centrotemporal spikes; Cognitive impairment; Multimodal magnetic

resonance imaging; Child

L E R A e 8K (benign
childhood epilepsy with centrotemporal spikes, BECT )
SR LB LERR A2 —, A dEik L
A ) 249% o CA KR SO IE BECT UL
TEifE L AmaEdr UL e M ks v
AT T R w%ﬁﬁﬁfﬁ%,Wﬁ%f
PeRAE, BECT BILAGIN BN R a A e ™,

%WKEMEﬁﬁiﬂE%ﬁAEﬁOI%R
AT W U] BECT B JLRIARIBRRFIF T LU
WU R E . WE5E BECT LG 4444 Al ik 2
ReRys . Wl LIRS B FRATTHE BECT fEJLIARIRE G
A A AL . AR SCHEREC T BECT S8JLIAAN

[ sk BB ] 2020-02-03;
[fE& A ] EIRE,

[ $%Z H ] 2020-04-01

IK% ﬁ‘%‘l: E/‘J gf“ / s% Y EH[E ( magnetlc resonance 1mag1ng,
MRI ) WF5E kBT8R

1 BECT AfIERBHZ IS /7%

INHIPEAE W R EEBE . ik, & RIF
fi% ) H BT BECT & JLIA 0 B 5 A2 W 32 2K

a0 Bl i RPA 5 R 1, Mg e R
P TR EZIAE G, Wik, B9 240,

R i HT**TEFULQ%HEMZF%%%%%
ma, HoAE R AR E Y, SN S PR
FRER TR AR, — L2 AT I he it

e, W5 . Email: xiaobo_xy@126.com.

528



F2EESM
2020 4F- 5 H

b E %A ILA R E

Chin J Contemp Pediatr

Vol.22 No.5
May 2020

PR E I AT E L AT 0.7, H Al i Jogt
BECT f LA A e P Al i 3 1 iniinis
AR ) Al MIRT L DA R0 s i S kg 225 40 1 0 1) B e
IR R, A AT REAE R W) 1 Lk IR S
R = 2N E bR B Y, TSR EME
GENNPEAS 7 ik i e s Y, AR T2
PRZ BECT LA BRERG o A= BRI

2 SRS MRIHEX RFFR

ZA5S MRI U [RIRES 1Y & 90751 MRT,
FEALFE M AF K ARAS DI BE MRI ( blood-oxygen-level-
dependent functional MRI, BOLD-fMRI) . ¥ #usk&
% 1% ( diffusion tensor imaging, DTI ) J& MRI = 4i
T1 AU ( three-dimensional T1 weighted imaging,
3D-TIWI) %%, REEMZGHY . TifE . IUSEZ1f
JE A PR 22 HZUA R ™, SRR BECT L
ARG A AL B (it g JEL R

R A W5 2 B B0 A8 52458 1) G DX sz St
IS R TREUR LTS L, BT R RE R g
Fa i DX T 2010 45 [ BRATRGIR I 432 B i 44
Z RSAEIRTE RN EE SO BT T 27— 1,
M, TR T ERIEA T R RIZE” AR,
TC 2 WO 37K 138 2 2 WK, X B0 114 4
Z WA E I R . X I BECT UL
NHIRER 0 R A DL A T 4 R DA ™

3 %iE7s MRI £ BECT &2 JLINAERS A E
Sl AL

LA MRI7E BECT FJ LA S0 Be it 7 1o i) fiki
EFIREST , F AR5 IS ] 3D-TIWI & DTI #EA7 K o
B I SR R SR 4
31 RERMERTEH

B AR AT U IO SR A R R
B R S5 R BRGSO | R
GURAZ S B R T 25 R 7RSS R A D) RE I
Wi, RIS HIES . RS TR 5.
T 25 B At 2 A AR P (R S
M, e TAECIZAE S, BRI R T
SER ISR WS, AN L ] U R AT 55 R
PRI 1

3D-TIWI AT T34 B SR B Jo T 2 AR
B SR | IlE R A A 2R A PP, BECT L
3 14 H T35 4 S DX A A R
Kanemura 25 "7 1% 3D-TIWI #f 58 K B8, H A%
FAT Ry A BECT £8) LA AR T 1% HR I
BA/N, HEILRIRE RS, HaT A
FRE I IE G R H . XL 45 R,
BECT & LAY Hi# & & A KA BE-5 40 29 & A
(] 3 95 9 A i FE (interictal epileptiform discharges,
IED ) FURPERAEA DG, 807 2 AT M BEds
DL 584278 BECT F8) LA A AR A RN B A5 5l
Vi 5 AR AL ZEAN ] 7 T R 3

IAE K2 5 T &5, B2 i BECT fULIY5E
PARR S 5 AT GE ®. Shakeri % ™ & 3 BECT
BILAFETeAL R AL ST B BT N S5 RIE S
HopZe BRI S AR L B AH G, o
BIE S MR B LRI R B2 UG, [H il
TAHRSCHRBCR 3D . REASHE /N, TR I 2 o T
BT N E5HTE BECT £ LI B b 4o 18 i BAA A
OB HA AT Rt — 2P 5T
32 A%

DTI /] LATC M 575 i 1 BT 2F 4 R 4548, 4%
5 W3 P DT #F 5% &% BECT 8 LA 78 LA F I
PRy F 0 FUBUZS A 526 o T Kim 5§ B X% BECT
LT P 220 B PEAG Sz DTI 44, 45 R on
BECT [ LZEMARRL T o S P AR 285 S 5 HE
= ROEF BEAFAH G Clumas 25 P 1955 —T0HF5E
W BECT £8 LA B ARl 1 5T SO &35 44 ke
SRR SR A ARSI TR S TEAR G . 3X LR TED
Bt RAEAAL 2= e R A 1B ek 7, W
SR B BN AR s, SR R BOLA RIS

4 Li%EZ MRI £ BECT £JLIAMERAE
BTN BERAF 3T

4.1 EESIIEE MR

i D AT HE MRI ( resting-state functional MRI,
rs-fMRI) #J BOLD {5 & b —F A ZARMHR G,
W 7 R FE i EDIRAS N A 22T H K [R5 A AT I
Pepp A B A2 . B AT T BECT /#2520
AE 28 AT 5E 32 2 SOERIARE UM 26 | 13 2 R0 465 11

IEEI TR

529



55224 45 5 ) FE SR & Vol.22 No.5
2020 4E 5 A Chin J Contemp Pediatr May 2020
4110 HAABEA ML BRI M4 (default TS AT LRSI  DC,  ROE T A i

mode network, DMN ) 38 76 /AT B i B IS0
TE SN R 223805 B, DMN 2 515 LA 1
S0 AN AN G Z N #E . DMN 5%
CIESE 5 )12 B PH ZRE PSR AR G, A
BAT /R I R L 4 AR AR A o 2 5 1, O
HWBWATEES S T BECT BJLINHIAITT R By
e

Ofer % " %} 10 42 BECT 8 JL#E4T ¥ 28 .00 B
“EVPAL B vs-fMRTF5348, I FH DD REE B A B AT
Jridx B M AT M, RIAE T T 30
W% . DMN T RGN IE ¥ DIReiE 2 5 5 A
PEA S, kA SE U rs-fMRI BF 28 W R
BECT £ JLZHAEZ > DMN Ay 5 2 X 2 7S H s
S . 278 BECT L DMN R£% 1% 3 S5 S 30U
SRS 2 TG A S A
412 EEM%  FEMZ%S DMN MK, #E
FEANF RS, 4245 A LT R AR i Y
LI rs-fMRI BF5E % BE BECT 8 JLAE TS 007 735 0 4%
TR D REE S TR Y, T BECT FBJLAERE M)
T T O 245 D) e BOM T RE 4 Sk n ) 3k mT B S ik
TR VR T B A B, R T A
PR IG5 U BRI RN 3 T X 4% R B S R
PRI RE SN v B 14
413 EBEZ W% i Ry — 2 . Granger
HMr (Granger causality analysis, GCA ) S TJa%
PLBR X3, ( regions of interest, RO1) AYDIREIE %57
MrAIESE BECT AR s X 515 X5 1)
e HE, 8 BECT HBLIFAEE S M4 g v,
1M McGinnity 25 " % 3 BECT B LTEZ MBS M
FR SRR X ( ZE M0 [l 222k bl A5 T
TN fETEDRE R W EFIR, S BECT &
JUTE T 19045 i £k 14 SiE 3R % S i 2 1) 4% 32 432
I RL, M FEGE = IR &
42 EEEIMRI

1988 4, Piccirilli %5 ™ {ifi F 1T 45 4% fMRI {IE
5 BECT fBLAETEIE & M4 Mk, Oser %5 Xt
BECT LT R) A BRI AT 45 245 MRS,
FEOLFE R FHE BT 55 I S B DMN G962 BH, X
F£ DMN 1% G X AR T i R B g, 47K BECT
#LIIE S S 5 DMN 228 4 ¢, Malfait 25 147
S BRAE R B B AT 45 25 IMRT 18], BECT 8 JLFR

gt ARARERSER, 8 BECT UL
TEVE T P AREETE M . Clumas 25 ™ (0 FLIR 51
fMRI & B, 1745 3 18] BECT £ ) L4H 75 B 55 - e 5
BRI AZ 1 8005 B s/ 5 Hoak A ol
RESZ A X
43 MRI 5EMFBARMEENH

£ BECT TAHIF 52 4048, MRI 5 HA A (1)
AW LA IMRT 55 g [/ ( electroencephalogram,
EEG) MBS N N 3. EEG By E]) 73 3% 5,
(2SR Jp e AL, 0 MRI WA 2, 23 [a] 7 P
T, IR R AR, 1993 4F Alper JFHAZARE S
EEG F1 fMRI 2452 BN 19 5 B 2 A a0, A ke
EEG-fMRI 75 A1 B B kb A Sk A5 8 177z 32
FH¥ Lengler %5 P 1 2 27 1ED M [7], BECT
JUHTA M A 7E S 19 BOLD 15 57284k, 3% 5 REAE
W55 BECT LA T I RE (S HTAin 2 U1 AH ¢ )
BERFA—2, B AL, BECT BILEBLH
5 1ED [F25 1) DMN £z 460, nTaeS A3
AR A 5 P Li 45 P EEG-MRI F 58§ BECT
LK IED TG IED 4, &I I fE7E—
) DMN DfgiE Ay, $2/8 IED Fl It &
Ve G A ) BE 4 BAUAE RAFFEEAFTERY o Xiao 45
FIH EEG-fMRI 4 A4c 5% BECT #JL IED & JiHi G
QI ) i D9 2% T e 2 A8 Ak, A DIRE I B
Box, XM Rolandic X 5 Z2M%5 R [0, =T I ]
M LIl (ST 2B 5 e X ) o A A
RSN B R A 2 R T e R G, IS U
B E] L AR E] L AR (DR A R A
Wb, TEIED ZHCIE], AUl Rolandic [X 5 ixX £
T P2 DX Ik 22 (] 9 B ) D) RE 4 230 5k, 7R X
BECT HBJLIET ML= T 58 BRI, 35X
A58 T BECT M LIS M IhRE R K
IED Xt BECT & LB 5 ML 1 7200
5 BERREE
KA R T L4525 MR 7E BECT LI
e, Kok, Bl MRI #0127
FIG b BEH AR B FF K, 10 A0 B 235 4 AN e A2 1Y
ORI S R T = NN L BN SN Z YN )
YIGRT IS, B LA TG A DU RE Y, BECT

530"



F2EESM
2020 4F- 5 H

7 E SRR E

Chin J Contemp Pediatr

Vol.22 No.5
May 2020

IWHIBAR =S W E 5, REHE S R B 5e
DI04 W b 75 W VA s o4 ) 1 2 RS, 22
225 MRI BT R AT B BECT A AR 15 0FAil

FRR IR Z —,

R BE A= X BECT £ LA

W2T7 I R E RIS

[10]

[11]

[12]

[13]

(14]

[15]

(& £ X k]

X 2k
326-327.
Ma Y, Chen G, Wang Y, et al.
is associated with age of onset of benign epilepsy with
centrotemporal spikes in children[J]. Eur Neurol, 2015, 73(3-4):
179-183.

Cheng D, Yan X, Gao Z, et al. Common and distinctive patterns

I3 AR ik R T 27 (M. 6 R A H A, 2006:

Language dysfunction

of cognitive dysfunction in children with benign epilepsy
syndromes[J]. Pediatr Neurol, 2017, 72: 36-41.el.

Pal DK, Ferrie C, Addis L, et al. Idiopathic focal epilepsies: the
"lost tribe"[J]. Epileptic Disord, 2016, 18(3): 252-288.

Vannest J, Tenney JR, Altaye M, et al. Impact of frequency and
lateralization of interictal discharges on neuropsychological
and fine motor status in children with benign epilepsy with
centrotemporal spikes[J]. Epilepsia, 2016, 57(8): e161-e167.
Eom S, Lee MK, Park JH, et al. The impact of a 35-week long-
term exercise therapy on psychosocial health of children with
benign epilepsy[J]. J Child Neurol, 2016, 31(8): 985-990.

Lima EM, Rzezak P, Guimardes CA, et al. The executive
profile of children with benign epilepsy of childhood with
centrotemporal spikes and temporal lobe epilepsy[J]. Epilepsy
Behav, 2017, 72: 173-177.

Toérnhage M, Sandberg EN, Lundberg S. Oromotor, word
retrieval, and dichotic listening performance in young adults
with previous Rolandic epilepsy[J]. Eur J Paediatr Neurol, 2020,
25:139-144.

XU , BRi , kMG . 55 L IARIZR G Atk
BFFE [1]. CFRWFST L 2020, 13(1): 8-15.
Wilson SJ, Baxendale S, Barr W, et al. Indications and

VPG DT i B ARG

expectations for neuropsychological assessment in routine
epilepsy care: report of the ILAE Neuropsychology Task Force,
Diagnostic Methods Commission, 2013-2017[J]. Epilepsia,
2015, 56(5): 674-681.

Calamia M, Markon K, Tranel D. The robust reliability of
neuropsychological measures: meta-analyses of test-retest
correlations[J]. Clin Neuropsychol, 2013, 27(7): 1077-1105.
Hermann B, Loring DW, Wilson S. Paradigm shifts in the
neuropsychology of epilepsy[J]. J Int Neuropsychol Soc, 2017,
23(9-10): 791-805.

Baxendale S, Thompson P. Beyond localization: the role of
traditional neuropsychological tests in an age of imaging[J].
Epilepsia, 2010, 51(11): 2225-2230.

Hur YJ. Guideline for advanced neuroimaging in pediatric
epilepsy[J]. Clin Exp Pediatr, 2020, 63(3): 100-101.

Whelan CD, Altmann A, Botia JA, et al. Structural brain

abnormalities in the common epilepsies assessed in a worldwide

531

[16]

[17]

[18]

[19]

[20]

[21]

(22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

ENIGMA study([J]. Brain, 2018, 141(2): 391-408.

Bao Y, He R, Zeng Q, et al. Investigation of microstructural
abnormalities in white and gray matter around hippocampus
with diffusion tensor imaging (DTI) in temporal lobe epilepsy
(TLE)[J]. Epilepsy Behav, 2018, 83: 44-49.

Ashraf-Ganjouei A, Rahmani F, Aarabi MH, et al. White matter
correlates of disease duration in patients with temporal lobe
epilepsy: updated review of literature[J]. Neurol Sci, 2019,
40(6): 1209-1216.

Berg AT, Berkovic SF, Brodie MJ, et al. Revised terminology
and concepts for organization of seizures and epilepsies: report
of the ILAE Commission on Classification and Terminology,
2005-2009[J]. Epilepsia, 2010, 51(4): 676-685.

Toth K, Hofer KT, Kandracs A, et al. Hyperexcitability of the
network contributes to synchronization processes in the human
epileptic neocortex[J]. J Physiol, 2018, 596(2): 317-342.
Eixarch E, Mufioz-Moreno E, Bargallo N, et al. Motor and
cortico-striatal-thalamic connectivity alterations in intrauterine
growth restriction[J]. Am J Obstet Gynecol, 2016, 214(6): 725.
el-e9.

Skelin I, Kilianski S, McNaughton BL. Hippocampal coupling
with cortical and subcortical structures in the context of memory
consolidation[J]. Neurobiol Learn Mem, 2019, 160: 21-31.
BAZE U IS 12 S 5T S AL SE TARICIZ i 2L
il [D]. L¥fF : HEZRIFE A | 2019.

s, sRANTC, silRES % L IE R N DU TARICIZ S ARG 3t
IR XML RIS (I 7P B S 2R 2R &, 2017,
20(19): 5-9.

Rogdaki M, Gudbrandsen M, McCutcheon RA, et al. Magnitude
and heterogeneity of brain structural abnormalities in 22q11.2
deletion syndrome: a meta-analysis[J]. Mol Psychiatry, 2020.
doi: 10.1038/s41380-019-0638-3. Epub ahead of print.

Duret P, Samson F, Pinsard B, et al. Gyrification changes are
related to cognitive strengths in autism[J]. Neuroimage Clin,
2018, 20: 415-423.

Karalok ZS, Oztiirk Z, Gunes A. Cortical thinning in benign
epilepsy with centrotemporal spikes (BECTS) with or without
attention-deficit/hyperactivity (ADHD)[J]. J Clin Neurosci,
2019, 68: 123-127.

Kanemura H, Hata S, Aoyagi K, et al. Serial changes of
prefrontal lobe growth in the patients with benign childhood
epilepsy with centrotemporal spikes presenting with cognitive
impairments/behavioral problems[J]. Brain Dev, 2011, 33(2):
106-113.

Garcia-Ramos C, Jackson DC, Lin JJ, et al. Cognition and
brain development in children with benign epilepsy with
centrotemporal spikes[J]. Epilepsia, 2015, 56(10): 1615-1622.
Shakeri M, Datta AN, Malfait D, et al. Sub-cortical brain
morphometry and its relationship with cognition in rolandic
epilepsy[J]. Epilepsy Res, 2017, 138: 39-45.
. JLEE RS B b s DR A2 I 1 5
SRAFRARWIFE [D]. I JTBUR , 2019.
Kim SE, Lee JH, Chung HK, et al. Alterations in white matter

REIARY L

microstructures and cognitive dysfunctions in benign childhood
epilepsy with centrotemporal spikes[J]. Eur J Neurol, 2014,

21(5): 708-717.



F22EHSH T E Y RILFLE Vol.22 No.5
2020 4F 5 H Chin J Contemp Pediatr May 2020
[32] Ciumas C, Saignavongs M, Ilski F, et al. White matter 14(1): 48-57.

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

development in children with benign childhood epilepsy with
centro-temporal spikes[J]. Brain, 2014, 137(Pt 4): 1095-1106.
Gauthier CJ, Fan AP. BOLD signal physiology: models and
applications[J]. Neuroimage, 2019, 187: 116-127.

Raichle ME. The brain's default mode network[J]. Annu Rev
Neurosci, 2015, 38: 433-447.

Mohan A, Roberto AJ, Mohan A, et al. The significance
of the Default Mode Network (DMN) in neurological and
neuropsychiatric disorders: a review[J]. Yale J Biol Med, 2016,
89(1): 49-57.

Ofer I, Jacobs J, Jaiser N, et al. Cognitive and behavioral
comorbidities in Rolandic epilepsy and their relation with default
mode network's functional connectivity and organization[J].
Epilepsy Behav, 2018, 78: 179-186.

Mok, Gid MR dE, 55 . LT Rt — B AR IR |
ARRARIR e 23 5 A T L A D RS AR AL PR 1 v e 38 DX 8
14 L3 B DA T RE Y B 5 (). M 2%, 2018, 4(6):
473-479.

Corbetta M, Shulman GL. Spatial neglect and attention
networks[J]. Annu Rev Neurosci, 2011, 34: 569-599.

Li R, Ji GJ, Yu Y, et al. Epileptic discharge related functional
connectivity within and between networks in benign epilepsy
with centrotemporal spikes[J]. Int J Neural Syst, 2017, 27(7):
1750018.

Xiao F, Li L, An D, et al. Altered attention networks in benign
childhood epilepsy with centrotemporal spikes (BECTS): a
resting-state fMRI study[J]. Epilepsy Behav, 2015, 45: 234-241.
R T . MRS, L KRN 45 & 1 0 S RE
SR IR G AE L TE R ATt SR st DR 28 7 I M D g
K R [J). HRAEBE 2R L 2017, 97(19): 1474-1478.
Chen S, Fang J, An D, et al. The focal alteration and causal
connectivity in children with new-onset benign epilepsy with
centrotemporal spikes[J]. Sci Rep, 2018, 8(1): 5689.

Kim HJ, Lee JH, Park CH, et al. Role of language-related
functional connectivity in patients with benign childhood

epilepsy with centrotemporal spikes[J]. J Clin Neurol, 2018,

532

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

McGinnity CJ, Smith AB, Yaakub SN, et al. Decreased
functional connectivity within a language subnetwork in benign
epilepsy with centrotemporal spikes[J]. Epilepsia Open, 2017,
2(2): 214-225.

Piccirilli M, D'Alessandro P, Tiacci C, et al. Language
lateralization in children with benign partial epilepsy[J].
Epilepsia, 1988, 29(1): 19-25.

Oser N, Hubacher M, Specht K, et al. Default mode network
alterations during language task performance in children with
benign epilepsy with centrotemporal spikes (BECTS)[J].
Epilepsy Behav, 2014, 33: 12-17.

Malfait D, Tucholka A, Mendizabal S, et al. fMRI brain
response during sentence reading comprehension in children
with benign epilepsy with centro-temporal spikes[J]. Epilepsy
Res, 2015, 117: 42-51.

Ciumas C, Laurent A, Saignavongs M, et al. Behavioral and
fMRI responses to fearful faces are altered in benign childhood
epilepsy with centrotemporal spikes (BCECTS)[J]. Epilepsia,
2017, 58(10): 1716-1727.

Alper J. EEG + MRI: a sum greater than the parts[J]. Science,
1993, 261(5121): 559.

Lengler U, Kafadar I, Neubauer BA, et al. fMRI correlates of
interictal epileptic activity in patients with idiopathic benign
focal epilepsy of childhood. A simultaneous EEG-functional
MRI study[J]. Epilepsy Res, 2007, 75(1): 29-38.

Bear JJ, Chapman KE, Tregellas JR. The epileptic network and
cognition: what functional connectivity is teaching us about the
childhood epilepsies[J]. Epilepsia, 2019, 60(8): 1491-1507.
Xiao F, An D, Lei D, et al. Real-time effects of centrotemporal
spikes on cognition in rolandic epilepsy: an EEG-fMRI study[J].
Neurology, 2016, 86(6): 544-551.

LARAE AT T IO A8 LdE AT o B H REKP Y B
Wi [J]. A BIZL R | 2019, 18(6): 41-43.

(ARSCHikt . F80)



