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Abstract Objective: To research functional status of brain regions in migraine patients at different stages by
using resting functional magnetic resonance (fMRI), and to explore its relationship with clinical symptoms.
Methods: Nineteen active migraine patients were included in the episode group, 22 patients in remission were
included in the remission group, and 22 healthy controls were included in the control group. Scanning of all
subjects was performed with resting state functional magnetic resonance imaging (rs-fMRI), and post-processing
was completed using regional homogeneity (ReHo) analysis. The frequency and duration of migraine were taken
as the main clinical observation indexes. The Montreal cognitive assessment scale (MoCA), simple mental state
examination (MMSE), Hamilton anxiety scale (HAMA), and Hamilton depression scale (HAMD) were used to
measure cognition and neuropsychological state. Results: MoCA score in the episode group was lower than
those in the other two groups, while HAMA and HAMD scores in the episode group and remission group were
higher than those in the control group (P<0.01). Compared with that of the control group, the ReHo value of the
remission group had no significant difference (P>0.05). Compared with that of the control group, the ReHo value
in the bilateral lobe, dorsolateral frontal gyrus, cingulate, pars opercularis, insula, left middle frontal gyrus, left
anterior cingulate, and amygdala were lower in the episode group (P<0.01). Compared with that of the episode
group, the ReHo value in the right limbic lobe, insula, right cingulate gyrus, dorsolateral superior frontal gyrus,
caudate nucleus, supplementary motor area, left hippocampus, left frontal lobe, superior temporal gyrus,
thalamus, and right middle frontal gyrus were higher in the remission group (P<0.01). The ReHo value of the
MIN coordinate (18, — 12, 33) brain region (include the insula and cingulate gyrus) was positively correlated
with attack frequency and headache duration in migraine patients. Conclusion: Migraines affect mood and
cognition. The ReHo values in multiple brain areas in the episode group were weaker than those in the control

group and remission group. The MNI coordinate (18, — 12, 33) ReHo values were positively correlated with
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clinical symptoms including the frequency of attack and headache duration, and mainly involved the insula and cingulate gyrus.

Keywords migraine; ReHo; brain function

P K I — A A EVE RN | S BB AR OC Y R B
Sy 1 107 o 22 Dy R ZE L A , R AR B ARy
F R kS B S A SR, R R R R
AR A FE B B, B Kk AR RS, B
T 3 U A5 A Ry FLR — B 2 D REZEBLER B AR i
SRR 28 H AT S SRS SR AR SCR I, N
SLINTA] PRI S A S S ERERER . IR 25X s
R TR O kIR B i R 7 i R v, B BN i2 87
2, PRI, o P I 15 S F A ARG 5 6 e AN [ HEBR 4
R K TR B Sk I A DG Y — Se s (R L T HLA Bl
T e S R B AR BRI AR, 2D
bl

X6 Tt S 9 7E A FO TR0 22 i S0 o AR A A2 Ak
5l RAER A9 OC R AR BFSY , [m] Aok 38 o R fy 5215
27 R IREAE My i Sk T 1 L II2 T B Ay 1 A ) 2 i
Py W E A I R 3 S o AR IR 9 R JRy 8 — Btk
(regional homogeneity , ReHo ) 3K A4b H ¥ B 25 5 21 5E i
1854 , ReHo J&—F b 2L IMRI EUR Y 4%, & 3R
WFE & Zang S5 B UCHR Y, JF 2 20 W FH 31 1= 2 40U
ReHo HUETA N : 4 U BRI X AbFE 8 2540, % X
TR 5 R AR R AFAE I ] — 20 s ReHo 15 &7, 4875 JR)
S DX A 28 T Je S 1 58 5 ReHo JAIG , TUJ 35 B J) 38
2T ERIE S o B IR LAAS R 4518 : ReHo 5%
55 JRy BB B e X P 2 T T S AR AE AR B A GG R,
RI>4 ReHo & A i, R W Ry pil 28 o [m] 5 1435 3h & A=
T U, G, A B S T N ) B 4 AR (functional
magnetic resonance, fMRI) ffi i} ReHo J5 3% , X fhi 3k
RN S G2 S AT 85808 20 B IR [ ) 30 i = e
SO, Rl AR S AT 35 25 R A6 X Y ReHo (B 5
SRS I R & R A1 238 R ] BJCH Bsf i) 6 47 R DG 43
B, DT E— 20 JE i O =k I P B A B AL by O =k
e ki B 9 %) ] BE AL AR AL B

1 BREFE
1.1 —f&FA

PEHL 2018 44 A 2 2018 4 12 H iz T ik Ui &l
B Be K VLA IE S EE B 22 MR 192 S AT B 0 D S A8
AL, Ferb g Sk AR IR B 19 61 R AR, Dk
A 2R I B 22 B B AL, YRR TF . AR
e Y75 5 B PR Sk T B2 B Br Sk 9 52 43 2556 3 IR

(ICHD- D) {3k 2 Wrbrife s 4F 5 16 ~ 65 %, Lot HERR
P2 BGRIATE 5  HEBRARAE : A I T AT FL A 5 o
PRI O L5 S LA PR H 0 5 A 24 ) BT R
AT B0 A RESR A AE SAIE . VR AR I« I
PR R R AR TS SR — Bk B >
3 mm, 5 ER RO . T 2 8 RS A E R
(Mini Mental State Examination, MMSE) . 2454 /K 1A
FNPEAS B 2 (Montreal Cognitive Assessment, MoCA) |
DS R AE & 8 2% (Hamilton Anxiety Scale, HAMA) |
% IR i 40 B % (Hamilton Depression Scale,
HAMD) . 3k 5% M) 0 38 [7) 5 (Headache impact test-6,
HIT-6) A4 PF-43 (Visual Analogue Scale, VAS) %5
R TR ARG . T A TRIIIAR IS PR AR
DT 4) it BRE (A AG: 25 22 91 SR ok HELAEL , A A B - TGS
B AR 16 ~ 65 2, Lo M HERR PR A B3 A 3t = 5k
HEBRARAE : B I oAb #5075 95 K
HoAt NRHER s A 25 SORORS BURE S 5 5 A R 3R
FRESRAIE . ST T KV B R B B
7= BL AU, 5 . 120170013, T A HE 25 B A% Tl
$

1.2 Fi*

12,1 FdiRAEMAEH i 7% E Siemens Trio 3.0T
MRI G T EC R AR o FH il 4 8 [ o Bl Sk
A - ZE I DR R AT R A 10 min, 2
RITE YA A B 2 s A SRSk
g, R . WL TOIAUE (T, weighted image,
TWD HI T A% (T, weighted image, T.WI) , MRI 3}
BE R ES B OTWI 2 812 8. & &2
(TR)= 2 300 ms, [} [E] (TE)= 3.28 ms, ¥ ffi (flip
angle)= 9°, Hil%= 256 x 256, EF (FOV)=0.940.94'1,
2R 1 mm, 2 6] BE 0 mm. @ T.WI-FLAIR £ %§ .
3D-FLAIR [ 2%k . TR = 4 800 ms, TE = 2.80 ms,
EAE] (TD= 2 800 ms, k4= 256 x 256, FOV= 256 x
256 x 190, )ZJ% 1 mm, Z[A]f% 0 mm. Rs-fMRI $94,
i FH A Ji€ 13 £ 51 (EPI) , TR = 2 000 ms, TE = 30 ms,
FH5 36 )2, HilF: 36x36, H JiE i 90°, FOV = 200 mmx
200 mm, JZJ5 3.7 mm, JZ[E]#E 0.6 mm.

122 BdEsHr MRIEE 9 4b #58 1 MRIcro #4
(www.mricro.com) £ 28 £ 4 5¢ 2 M, HEBR A 7€ 3 1Y
MRIPE ., 3T Matlab 2014a -5 , iz H restplus #k4:



MR SIRETEEE - 20234E 1 - 4518545 - &5 11h)

AT AL 38, 40,45 ¥ DICOM & 25 48 4y NIFIT #% = |
SBERT 10 AR AT B RUZAE I Sk IE (25 [l bR
b BREAEEAS BB PIEk S S H . A S R
HWAFS , F TR 5 F 26 MHABIA R A& 8/R
FNE R84 1 ReHo B, R 6 mm = -1 4% 8 G
TG T, AR =4 PR it 3 mm Sk sl 2°
1) 32 1 B
1.3 %itFa

K Fl SPSS 19.0 ¥4 4y M B d o THECTE R L3R
(%) F7m , K3 5 T PR DL (vts ) 738, tRE 56, B[]
R EIHT . i restplus BT 15 450805, 2 41
i DX Je 8 — SOCPE R FH AR AR ek 56, 38 2 GRF £ E
P<0.01 HHRIAR >5 hEFMIX, BEEFRXY
Il PRAREE FE B Sk I 2 [R] & AR [R] BBt 18] A2 AR
B4 BB 61k R Pearson #H & 08T, P<<0.05 = RF
Aoit#E Lo GitSEE %R ER0E , 5
s U

15

2.1 3M—AETA &

G AR AR B AR IS M 2 AR
USR8 INARIESY MMSE PE43 FL A e 4t 1127
B (P>0.05) ; =k i A 41 G2 4L 1) 2 30 F AR
F .HAMA HAMD -3t 2 5 T X R 41 (P<0.01) , &
YEZH Y MoCA PEAMIE T XT R AR gl , 22 57 3598 42
HFE X (P<0.05), L& 1,

22 % fR A RARLAR K R B &4 B 5 TMRI

5% BELAAR L, B AR AR 2t 75 4 M &L
1 T BN 7 11 e 1 el 6 X 1
5 ] A A% 2 X ReHo (B #4% (P<<0.01) , VLA
1A, SZEMAML, RAEA A Mg B A5
Fiay [l FEAMU AR el R AZ b FeaE Bl X 22 i
Iy e G e e A A ] ReHo 415, U
#*2. Kl 1B,

2.3 E7M X&) ReHo i 5 I6 AR 45476948 % M

MNI A8 FRAE (18, —12,33) K X () ReHo {H 5 fii 3k
I7 FBE B9 S TR FR SR N 1] Ao & VE A9 8 5L 1E A 5 (Pearson

2 R #H 5 2% 0.899, P=0.032; Pearson #H 3¢ % % 0.831, P=
T IHILATER AL
13 " - Eﬁ@/ %ﬂﬁ AERR/ HAMAﬁ PP HAMDﬁﬂZﬁ/ MoCA jfréj\/ MMSEﬁﬂZﬁ/
(%, as) (4, x£9) (I3, x£s) (I3, x£s) (I3, x£s) (I3, x£s)
POk 22 6 16 34.59+7.99  16.36+2.63 2.86+3.03 2.86£3.06  28.27£1.72  29.00+1.22
RAEH 19 5 14 35.53+10.67  12.42+2.63 8.68+3.33 8.63+3.40  26.61+1.81  28.89+1.15
SR 22 5 17 333241027  12.41+3.65 8.50+3.11 8.73+3.07  27.55+1.57  28.56+1.29
/Al 0.282 0.012 —0.096 0.560 0.495 0.282
/Al 0.132 —0.263 3.943 5.768 6.242 —0.641 —0.263
/A 0.545 3.955 5.864 5.682 —1.136 —0.545
P8 0.879 0.991 0.606 0.924 0.044 0.254
P8 0.936 0.985 <0.01 <0.01 <0.01 0.038 0.784
PiH 0.957 <0.01 <0.01 <0.01 0.352 0.143
W/t PO RN v.s R, /6 PR RAEAL vs RTIRAL, 357/t PR AR AL v.s X IR
F2 RN R AR RS IR 8 ReHo {H 25 7 AR IX.
Wi i . MNLA: A T
X Y z

UL H 18 —12 33 68 4.1058
Fas ml ral 18 —12 33 64 4.1058
LA yal 18 —12 33 21 4.1058

B AME Ll ral 18 —12 33 36 4.1058
s BlIX H 18 —12 33 16 4.1058
i e —18 —18 33 234 4.1556
5 s —18 —18 33 8 4.1556
a1 [m] pin —18 —18 33 7 4.1556
el Vi —18 —18 33 6 4.1556

i ml el 36 21 45 17 3.2107




16 Neural Injury And Functional Reconstruction, January 2023, Vol.18, No.1

0.037), LK 2A \E 2B, ReHo {8 59/ B % 09 L9
F2JE (VAS) JCH B AH M (P=0.682) , ILIK 2C.

A ”'“"2,.{ 4.03
@"’* %‘9\* % v
so00f
%@@@ﬂ
(") @ @ Gk

0. 00
0.00
B +OpATTiy o

TN T r/j \

DHOO

) ”%%) (%3;% I
J

T A S IR A LG, & A A A B 2 2kt 75 A& L
1 I P 8 S T N 1 o 1 e S s T S s
ARSI X R — B AR (P<0.01) s B: S LEMRAAR LY, A4
R SR 11 B EZ LU AN AU N Sx 1 i e L 2 1l W == N
BEIX  FEME S VA L ] A A el R —
FHERAIL

0.00
0.00

oo
oo

0
.0
.0

0
1.

-1.3
7

F1 A 53R (A) RIEA S M4 (B)RY
ReHo 2 5 [X.
3 g

SeiE i MRIFAE & A WbRic P i se 1824 k3R,
e SR =T B PRAIR, A Sk iR sl |
T B A A I PR HE G5 (5 B, ReHo 43 B S B 1)
2 JR AN X M 22 03 shAE I R]_E Y[R 25, ReHo fH
1o VLB IZ G DX 15 2 [R) 25 b . ReHo {EL5 % $7R
JRA TR shi A STEEHLE K A R

ARG, K AR5 X R AR B, WUl e 3
G400 o N s O T N T 1 g 1
[l AE Ot ] AR S XA ] (P<<0.01) ; 2
NG RAEAM L, A M2t S0 A5 nay =l sk
s - [n]  RRRAZ 4 FEIE Bl X AE it | e g -
B 1| e A e G DX T 2% A AL S ) R
AR LI B 22 5. UEBATE R VR I DR A & 2R
2 AU B DX A S R AR AR OG . A AR
N IR T AT P B I - R R R R X T ) %

A 60
< 50 N
% 40 ° o'._.o
§ - i s
bE 20 o .4
A 10 ﬁ

0
0.000 0.200 0.400 0.600 0.800 1.000

ReHo
B 25
K 20 .
& o
2 15 ¢
& o o o
’ﬁ 10 N .
lccy 5
0
0.000 0.500 1.000
ReHo
C 10
9 o e o
8 =) o
7 ) o o
<B 6 oco o
gﬁ_ 3 ® e o
g oD o
2 3 ©o o
> 2 o
1 °
0
0.0000 0.5000 1.0000
ReHo

B2 MNIARKRE (18, —12,33) i [X () ReHo {5
PRSI0 FR 5 (SR HR SR AL (A) R ARSI (B) K2
SKRFLIE (C) FRE ST

B R DX Can ity [m] j o) AR B8, FEARIT S
o i Sk TR &V 2H R 2 7 4 ) HAMA \HAMD 45 [i]
XTI A LR A R R T , ZF AR E L (P<
0.05) , 5 JELI 1 5 R B0 26 R G I X A 8T
SR I IR T 2 A AR A S ) 2 R
VIR o FI0AT DRI 8 55 3 I A 80 B A 3 RO
oK, S Wi TR IR AL B DB
AMIF5E 4 TS Sk T R8BI R B0 kg DX
PO AR AL, 25 6 I R T8 R AT A M AT, ke BLAE
MNI A1k (18, — 12, 33) BIAH & fiki X ) ReHo {H 5 3%
I AT R S R SR (] 52 IEAH G , A BE 5 A 5
(AL A B TR RS | AH DGR DX & A AR Ak, 50 B3 1
PERIEIAA G, BRATAT B oR 3R W X AR FRAE I 2 %0
IR I o s ) R B R S AR S B AR R
TN Sk I R A Ak B Sk TR AR A AR S i ik
Il /DA e ALk 3 DX I 7 I A 2L, o — T T i A PRI
Jer AL BRI [X 119 B2 5 R B i iR R A M T



MR SIRETEEE - 20234E 1 - 4518545 - &5 11h)

B —A K il Sk e vF 2 2R VIAHOC
H AR A B AIGE | F B8 | Az Ak
JB 5 T BE R S U R Y IS BR L U I D
T B SO B £ 2 5% XG0T OC TR BB SR IR S B
WY A A R AR B AT 3, 7 — TG T ) & Ml
SO PET WF5E o, 5 i B A AT At SR A AR T
AFRAGH] T —B W45, U RAEZ 5 R 2 6
I, FEUR A — B DX S 1w

AT UE BH i Sk 988 88T e il 225 A9 J 308 ik .
U S I e i 7 i Sk 9 7 LA AL R b o
FEANER 45 AR S S i R0 7 2 A 101 B e i 7 ) S
—F M5 . Chong Fl Schwedt AOMFFT UESE T i A
B JoT R R ) MID 55 i S 9 4R 2 1 [R) S22 TR AH
KM AT B e IR S S ik ReHo (H 5 i
PRAE TR % S 2 AE D , (A H: P i 2 0 ) P27 1
— A 5 G PR A ) W52 75 2 T 22 151 g AT
9%, H 5 B E PR L R M TR A BT — 4
HIRIFTE R A TR

Pt ST = — A B A E SR, A X TR A
HUAE G AR 2R R . A s [ A8 fh
HEZPATIIREA ", A G KA L B 2% i 20 A v
Jr B —BOHE R, B AELL I MoCA TF43 6] FE 2 Je 2%
AR, 22 A T 2E 2 L (P<0.05) , 5 3k 9f K& VERT
BHE I — RPVEER, TR T AT IR 4 H
PR AF DI RE 252 WA G, A5 22 A 1) Jeg 38— S0Pk o
AR I E SRR A, K & B kR & AR
PP AT R G ESE, REUR SRR E L, X
Fe ) 1A 3 R RS B 07 ) AN Iy 25 R LUt
s Sk I R 08 AR AR R A PRSI AN R

AHIF 5 S IRAS [R] s 300 O Sk o A8 2 1) — S kg X 2
S HARMR AR T AR I AR, I
HEATYN BT, DI A 0 P RS e M Al S =2 [ )
2SRRI R L SRS R IR .

17

S 3Tk

[1] Noseda R, Burstein R. Migraine pathophysiology: anatomy of the
trigemino vascular pathway and associated neurological symptoms,
cortical spreading depression, sensitization, and modulation of pain.[J].
Pain, 2013, 154: S44-S53.

[2] Santangelo G, Russo A, Trojano L, et al. Cognitive dysfunctions and
psycholo gical symptoms in migraine without aura: a cross-sectional study.
[J]. Headache Pain, 2016, 17: 76.

[3] Schwedt TJ, Chiang CC, Chong CD, et al. Functional MRI of migraine.
[J]. Lancet Neurol, 2015, 14: 81-91.

[4] Russo A, Silvestro M, Tessitore A, et al. Advances in migraine
neuroimaging and clinical utility: from the MRI to the bedside.[J]. Expert
Rev Neurother, 2018, 6: 18: 533-544.

[5] Zang Y, Jiang T, Lu Y, et. al. Regional homogeneity approach to fMRI
data analysis.[J]. Neuroimage, 2004, 22: 394-400.

[6] Fleming JO, Carlsson CM. Biomarkers for neurology: Guides and
lines.[J]. Neurology, 2014, 83: 1130-1131.

[7] Mainero C, Boshyan J, Hadjikhani N. Altered functional magnetic
resonance imaging resting-state connectivity in periaqueductal gray
networks in migraine.[J]. Ann Neurol, 2011, 70: 838-845.

[8] Dai Z, Zhong J, Xiao P, et al. Gray matter correlates of migraine and
gender effect: A meta-analysis of voxel-based morphometry studies.[J].
Neuroscience, 2015, 299: 88-96.

[9] Kim JH, Kim JB, Suh SI et al. Thickening of the somatosensory cortex
in migraine without aura.[J]. Cephalalgia, 2014, 34: 1125-1133.

[10] Stankewitz A, Valet M, Schulz E. Pain sensitizers exhibit grey matter
changes after repetitive pain exposure: a longitudinal voxel-based
morphometry study. [J]. Pain, 2013, 154: 1732-1737.

[11] Maleki N, Becerra L, Brawn J, et al. Concurrent functional and
structural cortical alterations in migraine.[J]. Cephalalgia, 2012, 32:
607-620.

[12] Borsook D, Veggeberg R, Erpelding N, et al. The Insula: A “Hub of
Activity” in Migraine.[J]. Neuroscientist, 2016, 22: 632-652.

[13] Maleki N, Barmettler G, Moulton EA, et al. Female migraineurs
show lack of insular thinning with age.[J]. Pain, 2015, 156: 1232-1239.

[14] Cechetto DF. Cortical control of the autonomic nervous system.[J].
Exp Physiol, 2014, 99: 326-331.

[15] Denuelle M, Fabre N, Payoux P, et al. Hypothalamic activation in
spontaneous migraine attacks.[J]. Headache, 2007, 47: 1418-1426.

[16] Chong CD, Schwedt TJ. Migraine affects white-matter tract integrity:
A diffusion-tensor imaging study.[J]. Cephalalgia, 2015, 35: 1162-1171.
[17] Borsook D, Maleki N, Becerra L, et al. Understanding migraine
through the lens of maladaptive stress responses: a model disease of
allostatic load.[J]. Neuron, 2012, 73: 219-234.

[18] Edes AE, Kozak LR, Magyar M, et al. Spontaneous migraine attack
causes alterations in default mode network connectivity: a resting-state
fMRI case report.[ J]. BMC Res Notes, 2017, 10: 165.

[19] Lovati C, Giani L, Mele F, et al. Brain plasticity and migraine
transformation: fMRI evidences.[J]. Expert Rev Neurother, 2016, 16:

1413-1425.
(ARG £



