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Migraine abnormal brain pattern based on magnetic resonance imaging
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Abstract: Migraine is a common, chronic and multi-factor disorder of nerve vascular dysfunction. In recent years, research-
ers have done many brain function and structure studies on migraine by using magnetic resonance imaging (MRI) to reveal
the pathological mechanism and clinical characteristics of migraine. However, these results were not consistent completely.
In this paper, the pathogenesis of migraine, the brain microstructure change and altered resting-state function connection
were analyzed. And the dependencies between the structure and function were discussed on. The research results of mi-
graine based on MRI were finally summarized and the prospect of migraine study was putted forward.
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Tab.1 Abnormal brain structure study for migraine based on magnetic resonance imaging (MRI)

Reference Participant Key results
Y d MA (20); No differences were found in GM structure between MA patients and HC. And differences
ougaar
(201;[” HC (20); were found in the cortical thickness of inferior frontal gyrus between the typical migraine
Headache (13) headache side of patients and the contralateral side.
Granziera MwoA (22); Compared with the other two groups, the structure change of thalamus was more
(2014)* MA (15); HC (20) significant in MA group.
Kim (2014)" Female MwoA (56); Compared with HC, migraine patients showed cortical thickening in left rostral middle
im
Female HC (34) frontal gyrus and bilateral post-central gyri.
Obermann Migraine (17); In migraine group, GM volume reduced in superior, inferior and middle temporal gyrus,
(2014)™ HC (17) mid cingulate, dorsolateral prefontal, parietal and occipital cortex, and insula.
L In pediatric migraine group, frontal and temporal lobes showed a significant GM atrophy;
Pediatric MwoA (5); . o . .
L GM volume increased in right putamen. Compared with the other two groups, left fusiform
Rocca (2014)™" Pediatric MA (7);

Yuan (2013)"*

Jin (2013)"

Maleki (2013)"**

Russo (2012)"!

Maleki (2012)™

Riederer
(2012)[17]

Maleki (2012)"

Liu (2012)™

Kurth (2011)?

HC (15)

MWOA (40); HC (40)

MwoA (21);
HC (21)

MHF (10); MLF (10)

MwoA (14); HC (14)

HC (22); Female migraine
(11); Male migraine (11)

Medication-overuse
headache (29);
HC

MHF (10); MLF (10);
HC (20)

Female MwoA (43);
Female HC (43)

Headache (780)

gyrus of pediatric MA had an increased volume, whereas left fusiform gyrus of pediatric
MwoA significantly atrophied. No abnormalities of WM volume were detected.

GM volume of left caudate and right nucleus accumbens reduced in MWoA group.

MwoA patients showed significantly decreased GM volume in five brain regions, including
left medial prefrontal cortex, dorsal anterior cingulate cortex, right occipital lobe,
cerebellum and brainstem.

The volume of hippocampal increased in MHF group.

No differences were found in global GM, WM, and
cerebrospinal fluid volume between the two groups.

Compared with male migraineurs and HC, female migraineurs had thicker posterior insula
and precuneus cortices.

GM volume of medication-overuse headache patients increased in thalamus and ventral
striatum, but decreased in frontal regions, including orbitofrontal cortex, anterior cingulate
cortex, left and right insula, and precuneus.

HF patients showed thicker post-central gyrus. Both HF and LF attacks induced change in
insula, but the degree of HF was more than that of LF.

GM volume reduced in anterior cingulate cortex.

WM high signal of headache patients increased.

GM: Grey matter; WM: White matter; MA: Migraine with aura; MwoA: Migraine without aura; HC: Healthy control; MHF: Migraineur with

high frequency; MLF: Migraineur with low frequency
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Tab.2 Brain function research for migraine based on resting state fMRI

Reference Participant Method

Key results

Comparing treatment effect

Functional connectivity (FC) of MWOA patients decreased in the

. MWOoA (12); of acupuncture for migraine . .
Li (2015) . . right frontoparietal network, but the FC could be changed after
HC (12) on the right frontoparietal
acupuncture treatment.
network
Hougaard MA with visual aura (40); ROI: cortical visual areas, . . .
No differences were found in FC between patients and HC.

(2015)% HC (40) amygdale, PAG

Calculating the FC of ROI
which was determined by

Ren (2014)" Migraine (16);

Compared with HC, ALFF values of migraine patient decreased
in the left triangle and orbital section of inferior frontal gyms,

HC (16) the left insula, but significantly increased in the right occipital,

ALFF value .

calcarine and cuneus.
ROI: PCC .
. FC degree among the frontal lobe, temporal lobe, anterior
MwoA(10); Calculating the FC between . . . .
Zhang (2014)" . L cingulate, precuneus, inferior parietal lobule and cingulate cortex
HC (10) PCC and the region within .
IV reduced in MwoA group.

Migraine with allodynia (8); ROI: pain modulating

Schwedt o . .
Migraine without region (PAG and cuneate

(2014)% .

allodynia (8); HC(20) nucleus)

MA (11); MwoA (11);
Hadjikhani HC (20); Carpal tunnel

ROI: amygdala

(2013)" syndrome (11);

Trigeminal neuralgia (9)

Migraine with allodynia had stronger PAG and nucleus
cuneiformis FC to brainstem, thalamic, insula and cerebellar
regions, as well as to frontal and temporal regions. The FC
differences between migraine with severely allodynia and
migraine without allosynia didn't overlap with the FC differences
between all migraine patients and HC.

Compared with the HC, migraine patients showed stronger FC of
amygdala to insular cortex.
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%13% 2(Continued Tab.2)

Reference

Participant

Method

Key results

Xue (2013)""

Jin (2013)™

Tessitore
(20 13) [37]

Maleki
(2013)[14]

Schwedt
(2013)"

Yuan
(2013)[39]

$ Zhao

(2013)[401
Yu (2012)1“)

Xue
(2012)[42]

Russo
(2012)[15]

Liu (2012)4

Mainero
(2011)[43]

Maleki
(2011)[AA]

Migraine (18);
HC (18)

MwoA (21);
HC (21)

MwoA (20);
HC(20)

MHF (10);
MLF (10)

Chronic
migraine (20);
HC (20)

MwoA (40);
HC (40)

MwoA (40);
HC (20)

MwoA (26);
HC (26)

MwoA (23);
HC(23)

MwoA (14);
HC (14)

Female
MwoA (43);
Female HC

(43)

Migraine (17);
HC (17);

MHF (10)
MLF (10)

Calculating the FC of
ROI which was
determined by ALFF value

Calculating the FC of
ROI which was
determined by VBM result

DMN

ROI: hippocampus

ROI: anterior cingulate

cortex, insula, amygdala

Basal ganglia network;
bilateral caudate nucleus
network; right nucleus
accumbens

ReHo

ReHo

ICA: DMN, CEN, SN

Frontoparietal network

Graph theory

PAG network

ROI: basal ganglia

ALFF: For migraine patients, the ALFF value of prefrontal cortex and rostral
anterior cingulate cortex decreased, while the ALFF value of thalamus increased.
FC: Compared with HC, migraine patients showed stronger FC between the left
rostral anterior cingulate cortex and bilateral frontal lobe and left parietal lobe;
right thalamus and bilateral caudate, left temporal lobe and right putamen; left
prefrontal cortex and right precuneus and bilateral parietal lobe; right prefrontal
cortex and bilateral parietal lobe and left temporal lobe; and right insula and left
temporal pole, right frontal lobe and left parietal lobe.

Compared with HC, MwoA patients showed stronger FC of anterior cingulate
cortex to middle temporal, orbitofrontal cortex, and dorsolateral prefrontal cortex.

Compared with HC, MwoA patients showed weaker FC of superior frontal gyrus
and temporal pole to other regions of default mode network.
Compared with MLF group, MHF group showed weaker FC of
hippocampus to supramarginal gyrus, temporal pole, fronto-orbital, nucleus
accumbens, anterior insular cortex, middle frontal, and paracingulate gyrus.

Migraine patients showed atypical FC of ROI to pulvinar, mediodorsal
thalamus, middle temporal and PAG.

Compared with HC, MwoA patients showed stronger FC between the
bilateral caudate and left insula, as well as the right NAc and bilateral
anterior cingulate cortex.

MwoA group showed abnormal ReHo in thalamus, brainstem and temporal
pole. And the abnormal ReHo of long duration (>10 years) was more
significant than that of short duration (<5 years).

ReHo of MwoA patients decreased in anterior cingulate cortex, prefrontal
cortex, orbitofrontal cortex and supplementary motor area.

Compared with HCs, MwoA patients showed aberrant intrinsic connectivity
within the bilateral CEN and SN, and greater connectivity among DMN and
CEN and insula cortex within SN.

FC in right frontoparietal network was weaker in MwoA group than that in HC.

Compared with HCs, MwoA patients showed higher mean clustering coefficients

without significant changes in the shortest absolute path length. Abnormal nodal

centrality was found in brain hubs, including precentral gyrus, inferior frontal

gyrus, parahippocampal gyrus, anterior cingulate gyrus, thalamus, temporal pole
of the middle temporal gyrus and the inferior parietal gyrus.

Compared with HC, migraine patients showed stronger FC of PAG to
ventrolateral prefrontal cortex, supramarginal gyrus, anterior insula,
precentral gyrys, postcentral gyrus, and thalamus. Compared with migraine
without allodynia, migraine with allodynia showed weaker FC of PAG to
prefrontal, anterior cingulate cortex, and anterior insula.

MHF showed weaker FC of caudate nucleus to middle frontal, insular
cortex, temporal pole, and parahippocampus.

FC: Functional connectivity; ROI: Region of interest; ALFF: Amplitude of low frequency fluctuation; ReHo: Regional homogeneity;

ICA: Independent component analysis; PAG: Periaqueductal grey; DMN: Default mode network; PCC: Posterior cingulate cortex; CEN:

Central executive network; SN: Salience network; fMRI: Functional MRI; VBM: Voxel based morphometry
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