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0.7 mm, GRAPPA=2.
1.3 FEHEIREE AL E

AHIE T 35 E T H R A A B 7T a6 LR
45, KH HCPE IE 5 () WAL B AR 17 X £ 4 47
TALER. B, A2 LS AR B % I HCP
N BN TRAL R FE 7 A A K AF FSL R
FreeSurfer ') T AL AT FALEERY, Hodr, T1 45
MBI BRI IE, A, P
ASHCAE, BCHER) MNI bR aE N RAL . & ESIhEe
WESLIRE I TRAL BRI AR LG . EURBG AL IE, ANk
LBZIE, FLAER] T1 450015, BCAER] MNI AR
], Hed K IR — B A E. e, &
A ) B AR B SPM12(v6906,  htp:/
www.fil.ion.ucl.ac.uk/spm/) 4T W1~ AL EE . F (] F
AL B (FWHM=4), B2 @S L&A
(general linear model, GLM)[H[IH#4n F i &E: H
FRFBfES, MAERTFHES, EAET
Friston-24 Zx¥ A3 31 (1) k3015 5.
14 “BRUANE” SERESER

AL H R R B 45 1 32 B4 B PCC
MPFC. LIPC. RIPC [Alff %EH:. HAET, 2
BRAA W 2% 1) 77 2 AL R 7 AT BRI B I TV,
Bh SR 43 43 BT (independent component analysis,
ICA) 7 VRPN, 2 03 2 (148 FH 3 45 R R A Y
Iy BT RN R 8 A ) E 2 T 70 K 22 K R b T AL T B
BB 42520 RKEFEN T MEH 3T B
FEERXTLG, KR AR T A ThReiE R Hr oy .


http://www.fil.ion.ucl.ac.uk/spm/)

*538- MU FEESE YRR

Prog. Biochem. Biophys. 2018; 45 (5)

N T IRBUX L, 1, FRATEL PCC Ny “Fl 1 7
i/ SPMI2 BEAT) L&A BT %, DAEE
A SCHR A Tz A8 S MINT 2 (8] A A5 A L [0, -52,
261710042, 8 mm AR E BRI IO R X 35
(ROI), fEN PCC Fi+si. #RJ5, H PCC B A {E
5 1) ERFAE A B AE 9 RN PR I B 32 )
MR PERR Y (general linear model, GLM)HT, £4%]—
N G 1t S B 4> A (statistical parameter mapping,
SPM), 78 RIAMA&KSF DMN B REiEE: o fi. SR J5
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AW FRAFEIN 4 4~ DMN 24 fi O AR an s
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Fig. 1 Functional connectivity pattern in the default mode network (DMN)
Four core DMN nodes were identified from the functional connectivity maps at a threshold of P < 10, cluster size > 300, FWE corrected.
Abbreviations: A=Axial, S= Sagittal.



2018; 45 (5) KRS, &: AREIANEABE: ET 7TIMRI 83175 B REE *539-
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Table 1 Default mode network identified using seed-based functional connectivity analysis with PCC as seed

x ¥ z T score Cluster size
Cerebellum -4.4 -57.2 -41.6 17.6 639
Hippocampus_L -28.4 -23.6 -16.0 18.1 791
Hippocampus_ R 27.6 -14.0 -20.8 15.5 693
Temporal Mid L -54 -33.2 -1.6 16.8 340
Frontal Med Orb_L -1.2 59.6 -1.6 222 9456
Cingum_Post_L 0.4 -50.8 24.0 28.7 9 644
Angular L -44.4 -74.8 38.4 21.3 1864
Angular R 50 -68.4 36.8 20.0 1142
Precentral R 42 -25.2 59.2 13.5 484
Medial Frontal Gyrus 2 -25.2 70.4 12.5 353

All clusters are identified at a threshold of P < 1079, cluster size > 300, FWE corrected. Secondary local maxima within the significant clusters

are not listed. Abbreviations: PCC= posterior cingulate cortex.

B2 R TIEREUE 4 NMZO ) DMN 45 5462 SE). Hi tSNR(PCC)=66.19+4.72, tSNR(MPFC)=
&, PCC=[0, -51, 24], MPFC=[-1, 60, 2], LIPC=  84.79+8.15, tSNR(LIPC)=87.62+5.19, tSNR(RIPC)=
[-51, =70, 34], RIPC=[50, -68,37]. DA FEHLIER  94.14£6.87. FEHLEE A4 H T DCM 7 4
10 MRS B 4 D45 S tSNR(Mean = NS SR S 5 R R E R 2 .
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Fig. 2 Localization and time courses of four nodes in default mode network
The tSNR was the temporal signal to noise ratio of four DMN nodes time courses extracted from the raw fMRI data. Abbreviations: MPFC= medial
prefrontal cortex, PCC= posterior cingulate cortex, LIPC/RIPC= left/right inferior parietal cortex, tSNR=temporal signal to noise ratio.
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(EC=0.18)F % 5 Iy . ja) IEAE A, LIPC X} MPFC
(EC=0.20). RIPC % MPFC(EC=0.22)45 % 5% f) ¥ |71
IEfEH, PCC il RIPC 2 [AI4F£E — & X IA] 1E A
(EC=0.15/0.05).

(b)

LIPC

Fig. 3 Effective connectivity within the default mode network (DMN)
(a) Effective connectivity matrix of the 4 DMN brain areas after Bayesian Model Reduction. The color represents the connection strength (in Hz)
obtained by Bayesian model averaging (BMA). (b) A schematic illustration of the obtained model after pruning any connection that is lower than
0.05 Hz. Abbreviations: MPFC= medial prefrontal cortex, PCC= posterior cingulate cortex, LIPC/RIPC= left/right inferior parietal cortex.

Bl 4 JRIRI & AT 743 2 BRI 2% 4 A E 2
06 X 1) PR A R AR TR 53 4 A B 2 745 21 A5
Rua 26t byl i ERERATT R B, {5 B M LIPC Al
RIPC ¥i[7] MPFC, PCC 5 [X 1X — &5 5L 76 A [R5

gy

T

h—E MR 6T MPFC 5 PCC 2 [8] (1 R SR 5%
M 5 2 AN R F FOAFAE — € 50 B, A58 K I MPFC
Xt PCC 5 88 B0 1) 5 m) IE/E FH

e
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Fig. 4 Causal model of default mode network in this work in a comparison with the models from previous studies
(a) Model in current study. (b) The model by Sharaev et al.”™ based on 3T fMRI data, using spectral dynamic causal modeling (DCM) analysis and
Bayesian model selection. (c) The model by Razi et al.” based on 3T fMRI data, using spectral DCM. (d) The model by Di and Biswal!"* based on 3T
fMRI data, using deterministic DCM. Abbreviations: MPFC= medial prefrontal cortex, PCC= posterior cingulate cortex, LIPC/RIPC= left/right inferior

parietal cortex.



2018; 45 (5)

kEkE, &: AMEIAMEZAEE: EF 7TIMRI BIs175E R85

541+

3 i

KT IREET 7T = o Pe g B D) Re g 3%
PR, 1 H spDCM Sk BRAA X 25 4% 0o &5 4 1)
(IR SRS O RAFEAT TIRER. WHIURIL, BRIAMIZS
() B p A TE MR I A ROE# R, R PCC
5% MPFC F10UI IPC (115 B4, W BEI (5
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XM AWXAS BRI, 22— RERE %
0, Hagmann 25890 50K 3 PCC 52 vr £
HBMIMG X ARG IER:, B —NEELS L.
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Directed Graph of Human Brain’s Default Network: a DCM With 7T fMRI"

ZHANG Xian-Chang"?, XUE Rong"**", ZUO Zhen-Tao"?"
(" State Key Laboratory of Brain and Cognitive Science, Beijing MR Center for Brain Research, Institute of Biophysics,
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Abstract The default mode network (DMN) has been reported to be involved in a variety of important cognitive
functions and received increasing attention in neuroscience recently. Its dysfunction is also reported to be
associated with multiple psychiatric disorders. However, the causal information flow (effective connectivity) within
the default mode network remains poorly understood. In this study, we explored the effective connectivity pattern
between 4 key DMN brain areas based on a high resolution 7T resting state fMRI dataset using a cutting-edge
spectral dynamic causal modelling technique. Results showed that there was a distinct effective connectivity
pattern among the DMN nodes. We found medial prefrontal cortex(MPFC) and bilateral inferior parietal cortex
(IPC) sent information to the posterior cingulate cortex(PCC), which suggested that the PCC might be a hub region
that collected information from other DMN areas. Besides, a causal influence was found from bilateral IPC to
MPFC, and from left IPC to right IPC. This work was the first 7T fMRI study that investigated effective
connectivity pattern among DMN nodes, which may promote our understandings about the functions of DMN and

benefit future research in DMN-related psychiatric disorders.
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