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Table 1 Clinical data of CAE patients

NO. Gender Age(year)  Age onset(year) Seizure frequency Antiepileptic drugs Frequency of SWDs(Hz)
1 M 10 5 2~3/d None 2.5~35
2 M 7 4 15/d VPA 3~3.5
3 M 11 9 7~8/d None 3
4 M 5 2 Several/d None 3
5 F 9 4 20/d None 3
6 M 8 6 20/d None 3
7 F 10 9 Several/d TCM VPA 2~3
8 M 8 6 Several/d None 2.5~35
9 F 7 4 Several/d None 3
10 M 8 6 Several/d None 2.5~3
11 F 12 9 2~5/d VPA 3.5

CAE: Childhood absence epilepsy; SWD: Spike-and-wave discharge; M: Male; F: Female; d: Day; VPA: Valproic acid; TCM:

Traditional Chinese medicine.
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Table 2 Brain regions in DMN

ROI Hemisphere MNI coordinates(x,y,z) Brodmann's area

PCC/PCUN LR -6, -54, 36 23,26,27,30
ANG L -42, -66, 33 39,40
R 54, -63, 36 39,40

MTL L -21,-15,-27 20, 30, 35, 36

R 24,-9,-21 20, 30, 35, 36

ITG L -60, -12, -21 20,21,22, 38

R 60, -3, -27 20,21, 22, 38

MPFC L/R 0,54, -6 8,9,10,11,32

DMN: Default mode network; ROI: Region of interesting; MNI:
Montreal neurological institute; PCC/PCUN: Posterior cingulate
cortex/precuneus; ANG: Angular gyrus; MTL: Mesial temporal
lobe; ITG: Inferior temporal gyrus; MPFC: Medial prefrontal cortex;
L: Left; R: Right.
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Fig. 1 Structural connectivity in DMN

Only three fiber tracts were detected in 8 regions in DMN across all
subjects, i.e. from PCC/PCUN to MPFC, from PCC/PCUN to bilateral
MTLs. The size of each node means the relative size of each region.
Results were visualized using the BrainNet viewer (NKLCNL, Beijing
Normal University). PCC/PCUN: Posterior cingulate cortex/precuneus;
ANG: Angular gyrus; MTL: Mesial temporal lobe; ITG: Inferior
temporal gyrus; MPFC: Medial prefrontal cortex; L: Left; R: Right.

Fig. 2 Example of DTI fiber tractography on one subject
(a) The fiber tract connects the PCC/PCUN to MPFC. (b)The fiber tract connects the PCC/PCUN to bilateral MTLs. Results were visualized using the
TrackVis tools. PCC/PCUN: Posterior cingulate cortex/precuneus; MTL: Mesial temporal lobe; ITG: Inferior temporal gyrus; MPFC: Medial prefrontal
cortex; L: Left; R: Right.
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Fig. 3 Comparison of structural connectivity from PCC/PCUN to MPFC, bilateral MTLs between CAE patients and HC
Compared to the healthy controls, significantly decreased weight, FA and increased MD (P < 0.05, Bonferroni corrected, marked with **) were found in

the tract connecting the PCC/PCUN to MPFC in CAE group. Decreased weight (P < 0.05, no corrected, marked with *) was found in the tract

connecting the PCC/PCUN to right MTL. Error bars represent the standard deviation of the measurements. HC: Healthy controls; CAE: Childhood

absence epilepsy; PCC/PCUN: Posterior cingulate cortex/precuneus; MPFC: Medial prefrontal cortex; MTL: Mesial temporal lobe; L: Left; R: Right;

FA: Fractional anisotropy; MD: Mean diffusivity. [l: HC; [: CAE.
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Fig. 4 Relationship between the mean FA values on the
fiber bunches linking PCC/ PCUN to MPFC
and epilepsy duration (years)
PCC/PCUN: Posterior cingulate cortex/precuneus; MPFC: Medial

prefrontal cortex; FA: Fractional anisotropy.



2013; 40 (9)

BTTK, % JLEXRHEMAECOAER W& SR ERTR +831e

DTI H AR 5 %52 7 ) LHE R A0 5 25 () DMN M
2R RTE RN L. R AR S5 8 A I
o #45 JTPE AE , ANHIE 9T R AT AE R 1) DMIN Y
2511 8 N EWIX KIE A T34 FA {HA MD
EM S, WA AGEES, RIAT 3 XX
() (1) 1 5T 2T 4 3 e A T A A ik v — BAe fe, B
PCC/PCUN 5 MPFC, UL J PCC/PCUN %I /47 %
] MTL, 1X/N45 8 5761796 T DMN 45 #4324 1)
WEFL Sl R —2e 20, H5IER A i, JLEk
FIR R H 1) PCC/PCUN 5 MPEC [a] [ J5 2T 4k R
BT, HHAZAYER W FA S0 R R
MK R, &5GBATHT IR MRI 75 )L K
PR A I DMN DhReIE B PRI 45 R, A9
i DMN I ReiE e i S8 T AN () g py Sk a2k
— 3547~ PCC/PCUN 5 MPFC . [A) fit % 42 5 1 w]
REAE ) L2 A Hh AL 21 T B A .
3.1 KRWEHEE DMN WK EE IR

SEHTRTUR I, 7 2R iR b 2% 5 K i &5 44 i
TI B 19X 468 XTI 500 T35 P PRI AEC 05 A 47 B 9 285 41 4
R AT R O, s K 1 AT e i
S E AL KRG UL E T, R 2ok Uk, %
PCC/PCUN % MPFC [¥] [ Jii £ 4 3R 2 75 K i v i
CUUE SEAFLE KB B 209, aXAN R 5 AT 1K
B R AT A R A s B S A
SRAEFAS B 1) PCC/PCUN [i] MPFC 8 i 4 &k AT
R Rt e, (HR e 4] LoV FA 8
RS B2 0 5 10 kB, 10 P34 MDA S 2 1
(K1 3). JE— Ml Ry R A A 2 i BRI 1 5
A%, AR AT TR IR AT SR A 1 5T S B
AR T 5 P07, ol S BT K R R Aol A 7Y
AT A DTURFSE AN, K 190 3% e mT
DA R X3 b 1 4 00 0 A 8 A 1 400, AR S A
ghikiERE LR B PCC/PCUN %] MPFC (1) 4 )i
YR W O, ATRER BT R A R VRO
I BT SRR R A

A, SN IMRIWFGTE Y], DMN /4%
H1 PCC/PCUN 5 MPFC 2 ] [ 3 BE 9y s 5 — A 5%
BRI A0, FERAR T, PCC ] RESZ IR A IR
R, LTS 8 I BRI AT BE(E Al SWD kA=, fx
I AFFEINA PCC LM A AE ok T HE & B2 A
., B4R PCC 5 SWD 2 [0] A g 47 76 AH 1. 5%
WL [ AR, BB 43 ok H BEG MIAF 5T 45 SRR I,
MPFC KHEZ B 0] 6 2 5 T R i e, 38
AT T (AT FUER B 2 Al A5 3 1F) DMIN 9 2 T i

BB AR, AR SCWE SR IR A A g
PCC/PCUN 5 MPFC ) [ 45 4 o Rk A2 S5, 1K
A REIE 2 IR IE B AR I A AL At S5 R
BRI R T RN R, XS RA BT
b0 SR 2 AR TS0 H P 9 3 A AR A e R AH
IS8 A SR L) R B A 114 i AT
32 EESIERSHZEMXR

I8 i % 5%3% $ PCC/PCUN #| MPFC 2T 4 o ()
FRSECP K EBE . P FA HRFY
MD )5 BE R Z R, KIS FA {5
5B RAHRKR, MIESRK, FAE
UG, X ULEH AR YR T BE 2 B T R AR AE ()5
Wi, YT R R AR T FE k) LB SR i HR e i A
SRR R B RS S D el il — e s ml, HE—0
M T )LEIN ST T RE. (AR AR
WEFTH, LR RPN B AR e 5~ 12 8, &
G R WK B R A o0 W 23 et g i, Bt
DURVE P AIAE AR LB VUL, FRATHE R H1)H 4
BT 510 22 T AF 8 0] 25 B 1 5 mi
33 AEFERTR

KSR e A OB ER L, XA
AR X oy XA DL T BT A3 45 Rl Re AN 1
B, MERMEIB EREIE T DUB I b e AN ) 8, 76
A 5 RIEFEH n] DA% e R MR S8 B . ik,
DMN 9 26 JL 2 4 o B9 48 v () — 353, T B AT
Y SR B P 0 XA 20 o At £ A ORI i DX P R IR R
EERI, 52X P a3 0% B A2 Ao 25 S 50
AEEZE, EH—2 TP LI B 5
ML B AR 11 2 EBER 12 2584l B
KB, A JahE 2 R EEE kA, TR
AT RS R 45 A ] SE 2518

4 4% it

AR S I G ) LR R AT 5 R B AL
DMN Jiij X 8] (4] JE e 240, kS8 T 2K #hi e A
DMN 4 25 [f) 45 46 S5, o DX ) 21 4 O B PERE 1)
BEAIG, XTI RE S DMN T R 7 0 1 45 b 2kl
454 DTL AT MRI IR B T 3E— 20 Tl )L # 2K
R 3 2 A PR AL IR L R

& £ X M
[17 Raichle M E, MacLeod A M, Snyder A Z, et al. A default mode of
brain function. Proc Natl Acad Sci USA, 2001, 98(2): 676-682

[2] Greicius M D. Functional connectivity in the resting brain: A

network analysis of the default mode hypothesis. Proc Natl Acad



«832 EYMUF EEYIIR R

Prog. Biochem. Biophys. 2013; 40 (9)

Sci USA, 2002, 100(1): 253-258

[3] Greicius M D. Default-mode network activity distinguishes
Alzheimer's disease from healthy aging: Evidence from functional
MRI. Proc Natl Acad Sci USA, 2004, 101(13): 4637-4642

[4] Garrity A, Pearlson G, McKiernan K, et al. Aberrant "default mode"
functional connectivity in schizophrenia. Amer J Psychiat, 2007,
164(3): 450-457

[5] Luo C,LiQ,Lai Y, et al. Altered functional connectivity in default
mode network in absence epilepsy: a resting-state fMRI study.
Human Brain Mapping, 2011, 32(3): 438-449

[6] Liao W, Zhang Z, Pan Z, et al. Default mode network abnormalities
in mesial temporal lobe epilepsy: A study combining fMRI and
DTI. Human Brain Mapping, 2011, 32(6): 883-895

[7] oMb, & B, W U, 55 WiRg S g e, hEAE Y BT
F2E3R, 2011, 30(1): 6-10
Yao D Z, Luo C, Lei X, et al. Chin J Biomedical Engineering,
2011, 30(1): 6-10

[8] Ciccarelli O, Catani M, Johansen-Berg H, et al. Diffusion-based
tractography in neurological disorders: concepts, applications, and
future developments. The Lancet Neurology, 2008, 7(8): 715-727

[9] Greicius M D, Supekar K, Menon V, et al. Resting-state functional
connectivity reflects structural connectivity in the default mode
network. Cerebral Cortex, 2008, 19(1): 72-78

[10] Gotman J, Grova C, Bagshaw A, et al. Generalized epileptic
discharges show thalamocortical activation and suspension of the
default state of the brain. Proc Natl Acad Sci USA, 2005, 102(42):
15236-15240

[11] Hagmann P, Cammoun L, Gigandet X, et al. Mapping the structural
core of human cerebral cortex. PLoS Biology, 2008, 6(7): 1479~
1493

[12] Qi R, Xu Q, Zhang L J, et al. Structural and functional

abnormalities of default mode network in minimal hepatic

encephalopathy: a study combining DTI and fMRI. PLoS ONE,
2012,7(7): 1-9

[13] Hagmann P, Sporns O, Madan N, et /. White matter maturation
reshapes structural connectivity in the late developing human brain.
Proc Natl Acad Sci USA, 2010, 107(44): 19067-19072

[14] Crunelli V, Leresche N. Childhood absence epilepsy: genes,
channels, neurons and networks. Nat Rev Neurosci, 2002, 3 (5):
371-382

[15] Kaiser M, Hilgetag C C. Nonoptimal component placement, but
short processing paths, due to long-distance projections in neural
systems. PLoS Computational Biology, 2006, 2(7): 805-815

[16] Wakana S, Jiang H, Nagae-Poetscher L M, e al. Fiber tract-based
atlas of human white matter anatomy. Radiology, 2004, 230 (1):
77-87

[17] Luat A F, Chugani H T. Molecular and diffusion tensor imaging of
epileptic networks. Epilepsia, 2008, 49(s3): 15-22.

[18] Chahboune H, Mishra A, DeSalvo M, et al. DTI abnormalities in
anterior corpus callosum of rats with spike-wave epilepsy.
Neurolmage, 2009, 47(2): 459-466

[19] van den Heuvel M P, Stam C J, Boersma M, et al. Small-world and
scale-free organization of voxel-based resting-state functional
connectivity in the human brain. Neurolmage, 2008, 43 (3): 528~
539

[20] Vaudano A E, Laufs H, Kiebel S J, et al. Causal hierarchy within
the thalamo-cortical network in spike and wave discharges. PLoS
ONE, 2009, 4(8): 6475-6482

[21] Tucker D M, Brown M, Luu P, et al. Discharges in ventromedial
frontal cortex during absence spells. Epilepsy Behavior, 2007,
11(4): 546-557

[22] Zhang Z, Liao W, Chen H, et al. Altered functional-structural
coupling of large-scale brain networks in idiopathic generalized
epilepsy. Brain, 2011, 134(10): 2912-2928



2013; 40 (9) BEFFIR, & JLERHEMAEIAER MENEERETR *833

Disrupted Structural Connectivity of Default Mode Network
in Childhood Absence Epilepsy”

XUE Kai-Qing", LUO Cheng", YANG Tian-Hua?, LI Qi-Fu?, ZHOU Dong?, YAO De-Zhong"”
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2 Department of Neurology, West China Hospital of Sichuan University, Chengdu 610041, China;
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Abstract The structural connectivity patterns of human brain are the underlying basis of functional connectivity.
Abnormal functional connectivity in default mode network (DMN) has been uncovered in electroencephalography
(EEG) and functional magnetic resonance imaging (fMRI) studies, which suggests that the abnormality might be
related to the cognitive mental impairment and unconsciousness during absence seizures. However, so far, little is
known about the structural connectivity in DMN about childhood absence epilepsy (CAE). In the present study, we
hypothesize that the structural connectivity in DMN should be disrupted to respond to the altered brain function in
CAE. To test the hypothesis, 11 patients with CAE and 12 age- and gender- matched healthy controls were
recruited. We utilized diffusion tensor imaging tractography to map the anatomical structural connectivity of DMN.
The fiber bundles among regions of DMN were built for each subject. Then, mean length, fractional anisotropic
(FA), mean diffusivity (MD) and connection strength on fibers linking two brain regions were calculated. Further,
these parameters were executed two-sample ¢-test between CAE group and health control group. Finally, we used
Pearson's correlation coefficient to evaluate the relationship between these parameters and epilepsy duration
(year). Both CAE and healthy control groups showed similar structural connectivity patterns in DMN. Among
these fiber bundles, three were identified in all subjects, with one linking posterior cingulate cortex/precuneus to
medial prefrontal cortex, and another two linking posterior cingulate cortex/precuneus to bilateral medial temporal
lobes. Furthermore, the significantly decreased FA and connection strength, and increased MD in fiber bundles
linking posterior cingulated cortex/precuneus to medial prefrontal cortex, were found in patients compared with the
cases in healthy controls (P < 0.05, Bonferroni corrected). Predominantly, the FA values in fiber bundles linking
posterior cingulated cortex/precuneus to medial prefrontal cortex were negatively correlated with the epilepsy
duration (P=0.006). These findings might reflect the structural basis of the altered functional connectivity in DMN
about absence epilepsy. Given that functional connectivity abnormality in our previous work, it is implied that the
abnormal fiber connectivity from posterior cingulated cortex/precuneus to medial prefrontal cortex plays an
important role in absence epilepsy. This may open up new avenues to understand the pathophysiological

mechanisms of absence epilepsy.
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