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ABSTRACT

Objective To investigate the language functional compensation mechanism in patients with brain
arteriovenous malformations (AVMs) involving the language area. Methods Thirty-one patients with
AVM s involving the left hemispheric language area (parietal group: 5 cases, frontal group: 7 cases,
temporal group: 19 cases) and 41 matched healthy controls (HCs) were retrospectively included. All
subjects underwent 3.0T resting-state functional magnetic resonance imaging (rs-fMRI) scanning. The
amplitude of low-frequency fluctuation (ALFF), fractional ALFF (fALFF), regional homogeneity (ReHo),
and degree centrality (DC) were calculated for each subject. Two-sample t-tests were used to compare
brain functional differences between each subgroup and HCs, and the results were mapped onto
the Yeo 7-network template. Resuits In the parietal group, fALFF was increased in the somatomotor
network (SMN); ReHo was increased in the frontoparietal network (FPN) and dorsal attention network
(DAN); ReHo was decreased in the FPN and default mode network (DMN). In the frontal group, ALFF
and DC were increased in the SMIN; DC was increased in the visual network (VN); ReHo was increased
in the DAN. In the temporal group, ALFF was increased in the SMN and DMN; fALFF was increased
in the SMN and DMN; DC was increased in the SMN; ReHo was increased in the VN and SMN; local
ReHo was decreased in the SMN. Significantly enhanced activity in the SMN was observed across all
three groups. Conclusion Patients with language area AVMs achieve language functional compensation
through cross-network reorganization, with SMN serving as the core hub, synergizing with attention
control (DAN), visual processing (VN), and cognitive modulation (FPN/DMN) to form a compensatory
network. This compensation mechanism centered on the motor system and supplemented by other
networks provides a new perspective for understanding language plasticity, suggesting that clinical
rehabilitation for populations with language dysfunction could specifically integrate motor execution,
attention training, and visual cues.

Keywords: Brain Arteriovenous Malformation; Language; Brain Network; Resting-state Functional
Magnetic Resonance Imaging
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X EhRKBETZ (arteriovenous malformation, AVM) @—fAE R IEHIREZ R ME
LRERENER, BESMARMSREZEE, LR EFEANEN". A,
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RPEX A EROIRY, o, EEBINEEREIRM A (task-state functional
magnetic resonance imaging, t-fMRI)BIEF5ZREE, AVMRZ A BN REITIES AL
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5 B INAERL L IRAR 1% (resting-state functional magnetic resonance imaging,
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(amplitude of low frequency fluctuation, ALFF). EbZ{E37RIE(fractional amplitude
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E it (degree centrality, DC)ZAERRIES XAVMEE KN
BEIhEERENH,

1 EEEAZX
1.1 —EH SHRAETHFEARBRE RERBAEZHL
CEERSMHE(HRS: LL-LCSY-2024-09), FRBAVMEENE
BEXT BRI B F AP ik 597420194F 1 8 E£2024F9 B M EUEE,
AVMEBRIMNIRAER . (12 DAVMBRE S REFIKES
X: TiHE3E% EEl(supramarginal gyrus, SMG)F1f[E](angular
gyrus, AG) (&), s &1F 5 el (middle frontal gyrus, MFG).
ZN R El(inferior frontal gyrus, IFG)FA R F[E] (precentral gyrus,
PCG)(WE2), B G EE_L[B](superior temporal gyrus, STG). i
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F[El(middle temporal gyrus, MTG). S F[El(inferior temporal
gyrus, ITG)FIE# (temporal pole, TP)(WE3)™; (2)E#816Z65
%, QVEFMF, 4HERNE;, O)FEHVFRULE; (6)31TMBR
FHEWH; (1ESWEEEE". SHRANINEHAVMERES
BERHTFAMARERBAASRAIEAHEN, E31MEE
SWBEHMBRY, ISRERIBE". HiTE: (1)EEM
BEEEER,; 2Q)BAMFARE,; (3)FRIMFSTREEEIRTE,
fEEEXTIRA(HC)WANIRAER . (1) FEFERI SAVMARET; (2)
GHF; Q)IRBENIE;, G)FEHIMHRUL; (5)BSWEEER.
HBsARESAVMEAAER. FITRIBAVMBEZRTAESAL, KAM
AR A=A THA, FIHAFMFHH A,

EL Tivh A ARG (T2) . B2 Frt 4 8A8 6 (T2) . B3 et 4 8AR 6l (T2).

12 NBEAZE FES5ENEEREGRXET—8ANFA
513.0 T BRI (Trio) H B A 1218 E Lk BLEEHITRE.
SEERRERMEIEIREZLUR/DRENZI, HERNER
TMmEERRREFSEEXSEE R KN, 8—UE5E
MERABRHT TN, EXMFERBRIAZEE, TR
BT S58N=$HT1EMGMrs-IMRITNEESR, ER=4T1/MNK
Bl 6 R AL (0 B RS E B8 (magnetization prepared rapid
gradient echo imaging, MP-RAGE)F5Ii#{TRE , BEESE
T: EERE(repetition time, TR)= 2300 ms, [E&EtE(echo
time, TE)= 2.98 ms, &% A(flip angles, FA)= 9°, ME(field of
view, FOV)= 256 mm X256 mm, $E[%= 256 X240, {A&EA/)
= 1X1x1mm’, BE=1mm, E&§E=0.5mm, B#&=176.
rs-fMRITH B R A [ % FE L (echo planar imaging, EPI)F
FI#ITRE, BASHIT: ESME(TR)= 2000 ms, [EIFEA
iB8)(TE)= 30 ms, &EA(FA)=90°, MEF(FOV)=210 mm X210
mm, #EFE= 64X 64, KEK/=3.3X3.3xX4mm’, BE= 4
mm, EiEiE=0mm, E#=210,

1.3 fMRIBIBLE FrE =i E B IRE GBS E TMATLAB
R2020bf$EFADPARSF 8.1(data processing assistant for resting-
state fMRI advanced edition) TE&#TTIE, BETLIE
FRUWT: (1)BHIEMDICOMEIRANIFTIFETN, EBRETLI0NEY
Bl R ARIESIRIZE ; (2)#1THEIEMATRE, HFERRAR
ELEI>2mm&2° R IAEE %, (3)iBIIDAETEL(diffeomorphic
anatomical registration through exponentiated lie algebra)
RIRXITIE MG EITHE]; (4)rs-MRIFIEET BT 28
T1EMGEEERFF/RBEFM AT (montreal neurological
institute, MN)FREMRIRPBEEREZE3 mm X3 mmX3 mm;
(B)EREMES; (6)BILAMETANAEZERRARES. M
BRESHKLcHBE (BT Friston-24)EMEE; (7)7EHHE ALFF/
fALFFFIDC Z#i1({B7E ReHo ZR)RAEBFBENOMmMESHT
Ho#IT= BB,

THEALFFFIfALFF: 3$0.01-0.1 HAEERE S MR #HITHF
7, IR1SALFF, BEEISALFFERUAEENMAERRIALFF, FRIGFALFF,

ItHReHo: BHEBEERMERSTELMAEARRSH
P26 NMEARER—HNEIFFIFPHNEEREY, REFAEARRN
ReHofd, MERTENERERUFEFEZEReHOENIIE,

ITEDC: HES M ESHAMBHMEER Z BRI E4E
*t, SREROEXABIEN. AT EREIEXERENE
£, RRBBEXAMEERIGENKT0.25, KRG MEERN
DCERIEZARSMAEMARE R SMMVE" . REWL
FRRBIERR#H T isher-Z#53a LUE NES 4,
1.4 Zit¥ 9 #(1EHDPABI 8.1 TEBMSPSS 26317451t
Do FFADPABI 8.1 T EBXFAVMIT A HCHIT I At 0,
LR ERMTIYkehEE (mean FD_Jenkinson)fERTHE
2, TEHRTASHCEINERMKX, ERRXELSHENT
RRIE(gaussian random field, GRF)&IE/G (A& KFP<0.001,
FHRKFP<0.05, WE, EEH>20)MMX, HEERFEER
Frs-fMRIE R EIYeo THIMEEEE £, HEBEMRML (visual
network, VN). BE{KZEIMLE(somatomotor network, SMN).
BEMSEEML (dorsal attention network, DAN). BEMEFEME
(ventral attention network, VAN). 2™ (limbic network,
LN). ZRIRM4 (frontoparietal network, FPN) & ZRIA 4K
(default mode network, DMN)™", fEFASPSS 261 TR IT 7o
NFEEENER, BEREESDHBUL(x £5) TN, EAMIL
BARtRK, ERTEESHHEMUUM(Q,, Q3)FR R, KHAMann-
Whitney U255, StFE588045], XRBRAKRK,

2 4 B

2.1 AOSHER BIVRBEREMEL 28855, iE25
ERoE<0.2mm, FIES5& WD NAVMA3LA (208 5H
M. AFF)NRENBAIIAQIZEE. 6FF), MAETER
(Mann-Whitney U 38, P=0.412)F1145I(-£5 15, P=0.259) L
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REER. AVMANEZEIGKERIE . KE(10A). BH(6A)
KRBOAN)REERK(IOA), AVMENTAREGEIRNT: T
AGA. 1RBM). FHA(TA SRBM)MMHA(IOA. 145
Fitt), ZASNRATEFRMNMEN LREER(WKRL).

2.2 TIHAEBESEREEERMEX SMNFALFFAE,
FPN. DANFReHoFt%, FPN. DMNAReHoR{f(T&2).

23 HAERESEREEERBMX SVUNPALFFAE,
SMN. VNAIDCHE, DANFReHoFE (I123)o

2.4 AHAERESIBITEEEZERBE SMN. DMNAHALFF,
fALFFA 2, SMNHDCHE, VN. SMNHReHoF S, SMNH
ReHoP&1R (M %&4)o

RIZHAOGHER R MHARBESEREEERRX
A5 BI%x H3(8:%) FH (%) BRX MNI & {8 s 48 47 TE r&
@RI HRA 41 21: 20 28(24,41) X Y z
AVM 31 20: 11 28(19,43) FALFFA SRR
P& 0.259 0.412 SMN -36 -18 57 4.93409 20
TRH4A 5 1: 4 25(20,37) ReHoF+ B HIRX
P& 0.187 0.384 FPN 27 48 18 5.04642 34
il el 7 5:2 29(19,43) DAN -54 3 24 5.71363 26
P& 0.321 0.860 ReHoP& AN X
B4 19 14: 5 28(17,43) FPN -45 -51 48 -6.52287 163
P& 0.101 0.509 DMN 0 -69 36 -5.64273 114
RIOMHAZBRSEGREEERRK RABHAZBESEFEEERBK
BRX MNIE {8 R 4R A ¥ FRX MNI {8 = 44 TE *&
X Y VA X Y YA
ALFFA S RIRIX ALFFA S RIBX
SMN -9 -15 48 6.15354 283 SMN -36 -12 15 7.83503 1591
DCHBERIMX DMN -57 -42 6 4.93936 23
SMN -12 -18 48 8.51405 455 DCHERIMIX
VN -21 -87 15 541685 27 SMN -33 -33 21 9.17516 912
39 -51 -15 4.57871 20 fALFFAERIAIX
ReHoFA = RIAX DMN -42 21 6 6.80073 82
DAN 45 3 27 6.10073 42 SMN -39 -39 12 5.48853 30
ReHoF = AN X
VN 30 -51 -9 5.73148 35
SMN 9 -24 57 5.22304 25
ReHoP&{EAYANIX
SMN -60 -21 6 -5.78246 67
33 i
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fl, EMNERAYEBESXZINMGE, KMSWNAREUFRIEE
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IhEE, FRMMMIES XAVMEREBRAERX S5 REZMESMN
AR — Mz O RE R EMMX,

SFMHATMS, AVME S T ARIBEXFESLENAGH
SMG, TAGHISMGEREMIN T/ \H(inferior parietal lobule,
IPL)"" IPLIERFRER MRS KB ES LESEMIAL
HEENERIZTE, RNtE5S MM, BESHRIEER,
MARMIFTHEEE, #MTCEINEERLRITAY., RE
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W2 SE RN RO 3R B AERBA R M B A TS Eh IV AE AT B0 LURME
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SEBEAEEIER™, BB ReHoMFE MR T A R 488
AREL NN EHNZBEUFRENEMSESNIE, BEM
2, FPNHReHo I 7 FEMHFEE, HAMENZXIE 8RR
M SIBTITIAE . DMNFER—AI 52 D% FINH. A5
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hESERBE SR ZABEDMNIIReHOMR, Hpyny
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AR EREHHESHREE—EENREERE, DMNEZHE
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E—MHRRAEERENESRERRH, ALMDMNINEE
E#Z (functional connectivity, FC)BIZ M2 AT HEAZHEIE
SN T B IR, XL R IR TIES Thaeming ",
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BEEDRELRIEREESHEES. A, EREENDRE
HERT, BB RERRERRS, DINSEERNB=EE
#3312, SEOMNRAFERRE™, EMmtalset MALFFA
fALFFi2 5,
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