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Objective: To evaluate whether migraine without aura (MwoA) can be partly attributed to
abnormalities of vision-related brain networks (VBN) and whether these specific regional
abnormalities affect the patients’ quality of life (QoL).

Methods: A total of 40 participants, including 20 MwoA patients and 20 healthy control
volunteers, were enrolled. There were no significant differences in sex, age, educational qualifica-
tions and dominant hand between the two groups. Headache intensity and QoL were assessed by
the Pain Number Evaluation Scale (NRS) and the Migraine-Specific Quality of Life Questionnaire
(MSQ 2.1), respectively. Resting state functional magnetic resonance imaging (rs-fMRI) and
independent component analysis (ICA) were performed to determine and evaluate the VBN.
Results: Three components were identified as consistent with the VBN in the template and
recorded as N1, N2 and N3, respectively. The functional activity of the left primary visual
cortex (N1), left culmen of cerebellum (N1), left lingual gyrus (N2), superior frontal gyrus
(N2) and left posterior lateral prefrontal cortex (N3) in the MwoA group enhanced compared
with the healthy control group. However, the functional activity of right middle occipital
gyrus, left fusiform gyrus, right lingual gyrus, and right primary motor cortex in the N3
network weakened. Pearson correlation analysis showed that decline of attention to work and
life (MSQS5) was positively associated with the functional activity of left primary visual
cortex and left lingual gyrus. Canceling from work and daily life (MSQ8) was inversely
associated with the functional activity of right primary motor cortex. The burden of feeling
like others (MSQ13) and the overall decrease in QoL were both positively associated with
the functional activity of right lingual gyrus.

Conclusion: MwoA patients showed abnormal VBN function, which was moderately
correlated with decreased QoL. This study provides evidence for the precise prevention
and treatment of migraine by neural regulation.
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Introduction

Migraine is a common neurobiological headache caused by changes in neuronal
excitability of the central nervous system, characterized by hypersensitivity to light
and sound.'” A study of 162,576 people aged 12 years and older found that the
annual prevalence of migraine in the United States was 11.7%, 17.1% for women
and 5.6% for men.® The annual prevalence of migraine in Japan is 8.4%, of which
5.8% corresponds to migraine without aura (MwoA) and 2.6% to migraine with
aura (MA).* Migraine is one of the most disabling diseases, and seriously affects
the QoL of its sufferers, affecting their ability to work, social activities and family
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life. Moreover, it also interferes with the ability to function
in school and the academic performance of students with
migraine.’

Visual function is one of the focuses of migraine
research. Patients with MwoA are all suffering from visual
impairment, and that impacts the QoL of patients even
more than the headache itself.®” The visual networks are
known to be involved in migraine pathophysiology. Many
neuroimaging studies have reported visual network
abnormalities in patients with MwoA. One study indicated
that visual cortical excitability was increased in patients
with MwoA by using proton magnetic resonance spectro-
scopy and diffusion weighted spectroscopy.® One study
about visual motion processing network showed that the
thickness of area V3A in the transverse occipital sulcus
was abnormal in MwoA patients.” With the help of
advanced imaging techniques, we have gained a deeper
understanding of the visual network-related pathological
mechanisms of migraine. However, this mechanism of
MwoA is still incomplete and needs to be improved by
more imaging studies. To enrich the visual network-related
mechanisms of migraine, we further analyzed the visual
network abnormalities in MwoA using fMRI. Further, it is
unclear whether the visual network abnormalities have an
effect on the QoL of MwoA patients. To determine the
relationship, we conducted a migraine-specific quality of
life questionnaire and an analysis of the association
between QoL and abnormal visual networks.

The purpose of this study was to evaluate whether
MwoA can be partly attributed to abnormalities in vision-
related brain networks (VBN) and whether these specific
regional abnormalities affect patients’ quality of life
(QoL). We hope that this study can help improve MwoA
patients’ QoL by identifying the potential specific brain
networks that affect MwoA patients’ QoL and by guiding
targeted clinical interventions.

Methods

To test our hypothesis, we recruited 20 individuals with
MwoA and 20 healthy volunteers for rs-fMRI imaging.
The rs-fMRI results were analyzed by independent com-
ponent analysis (ICA, a data-driven analysis method that
decomposes a signal into multiple independent compo-
nents without prior model assumptions) and Regional
Homogeneity (ReHo, an analysis method based on region
of interest [ROI]) to explore the dysfunction of vision-
related brain networks in MwoA. Meanwhile, Pearson’s

correlation was used to analyze the effect of vision-related
brain networks’ dysfunction on the QoL of patients.

Study Population and Protocol

Participants were enrolled in the study from
December 2020 to March 2021. The study population
consisted of graduate students aged 25 to 30 years diag-
nosed with MwoA according to the diagnostic criteria for
migraine without aura of the International Classification of
Headache Disorders, 3rd Edition (ICHD-3. Code 1.1,
2013).'% Patients with MwoA were assessed by Professor
Wu and Peng who are neurologists focusing on diagnosing
and treating migraine. All subjects were right-handed and
had a disease duration of more than 6 months and with
migraine attacks in the last month. MwoA patients
enrolled were allowed to use pain killers for prevention
or treatment when recommended by physicians and when
necessary (NRS > 7). Healthy controls were recruited who
had no headache attack in the past year and had not been
ill and taken no drugs for a month and whose family
members did not suffer from migraine or other headaches.
In the MwoA group, resting-state fMRI was taken in the
interictal stage, at least 3 days after a migraine attack.
Participants were forbidden to take any drugs, alcohol,
nicotine, caffeine, and other chemically similar substances
for at least 3 days before MRI examination.

Exclusion criteria for all participants included: 1) use
of opioid analgesics, antipsychotics or ergotamine; 2) alco-
holism or other drug abuse; 3) chronic systemic diseases
and illness affecting central nervous system function, such
as heart, brain, liver, kidney and hematopoietic system
primary diseases and mental diseases; and 4) pregnancy
or lactation. None of the participants had contraindications
for fMRI. All subjects provided written informed consent,
and the study was approved by the Ethics Committee of
the Affiliated Hospital of Shandong University of Chinese
Medicine (approval number 2014-028).

Data Collection

NRS Score

The NRS score with a single 11-point (0 to 10) scale was
used to assess the participant’s pain intensity. A score of 0
marked “no pain”, whereas a score of 10 indicated “the
worst pain imaginable”. NRS-based assessments have
been shown to provide valid and reliable assessments in

"' At the time of assessment,

patients with migraine.
patients were asked to report their perceived pain level

of the last attack by marking the NRS score.
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MSQ Score

The QoL of participants was measured by using the MSQ
version 2.1 which was translated into traditional Chinese.'>
The MSQ questionnaire includes 14 items and 3 domains: 7
items, Role Function-Restrictive (RFR), measure the func-
tional impact of migraine through limitations on daily social
and work activities; 4 items, Role Function-Preventive
(RFP), measure the impact of migraine through prevention
of daily work and social activities; 3 items, Emotional
Function (EF), assess the emotional impact of migraine.
The sum of relevant item scores is the raw score for each
domain, and the sum of all item scores is the raw total score.
These scores are rescaled from 0-100, with a higher score
indicating better QoL.

rs-fMRI

Blood oxygen level dependent RS-fMRI data was collected by
Philips Achieva 3.0T MRI scanner and 12-channel matrix
head coil. Subjects remained stationary, eyes closed, and
breathing evenly throughout the scan. Structural images were
acquired with using a high-resolution T1-weighted 3-dimen-
sional magnetization-prepared acquisition gradient-echo pulse
sequence, The parameters were as follows: Repetition Time
(TR) = 8.0 ms, Echo Time (TE) = 3.8 ms, Thickness = 1 mm,
Gap = 0 mm, Flip angle = 120, Matrix = 512 x 512, and Field
of View (FOV) =250 mm x 250 mm. The structural sequence
took 5 min and 30 s. Functional imaging was performed using
GRE-EPI sequence, scanning parameters: Repetition Time
(TR) = 3000 ms, Echo Time (TE) = 35 ms, Matrix = 128 %
128, Field of View (FOV) =230 mm x 230 mm, Flip Angle =
90", Thickness = 5mm, Gap = 0 mm, interlayer scanning.
Functional imaging was captured by continuous scanning for
10 minutes. The scanning range included brain, cerebellum,
and brain stem.

rs-fMRI Data Analysis

Data Preprocessing

After converting the DICOM format raw data obtained from
MRI scan into NIFTI format commonly used for data ana-
lysis of functional brain images, the preprocessing was
performed to eliminate noise, error and other factors that
influence the results of ICA analysis. Based on the Matlab
2017a platform, dPABI V4.3 software was used to prepro-
cess RS-fMRI data,"* including removing the first 10 time
points of data, correcting time layer and head movements,
spatial standardization, smoothing space, removing linear
drift and filtering. The signals in the range of
0.01Hz~0.08Hz were seclected, and the Gaussian kernel

function of 4x4x4 mm® with half height and full width
was used to perform spatial smoothing of RS-fMRI images.

Determination of Visual Networks

Based on the Matlab 2017a platform, ICA was performed on
the preprocessed data of the two groups respectively, by
using the GIFT software (Group ICA/IVA of {MRI
Toolbox) V3.0b (https://trendscenter.org/software/). The
number of components was set at 20, and the GIG-ICA

algorithm was used to obtain the number of independent
components respectively. Rand Init and Bootstrap were
used to repeat the calculation 50 times.'* Based on the resting
1'* with

a large number of healthy subjects, three resting state visual

state brain network template produced by Smith et a

networks related to MwoA were selected in this study to
guide the generation of resting state visual networks in new
subjects. The preprocessed fMRI data and the selected rest-
ing state visual networks were input into GIG-ICA algorithm
at the same time to generate the 3D spatial components of the
subjects and the corresponding 1D time series. No threshold
was set in the above calculation process, so the resting state
brain network of all subjects was retained. Three selected

resting state visual networks were showed in Figure 1.

Diagnosis of Abnormal Brain Regions in Visual
Networks

Based on the Matlab 2017a platform, REST (Resting State
fMRI Data Analysis Toolkit) V1.8 was used to conduct an
inter-group #-test for the visual networks of the two
groups.'® P < 0.01 was considered statistically significant.
A voxel threshold of 256 and a connection rule of RMM =
4 were set for Alphasim correction to obtain brain regions
with differences in the visual networks of the two groups.

ReHo Analyses

After the MRI data was preprocessed, the ReHo was con-
ducted by DPABI v4.3 software. We calculated the concor-
dance of KCC of the time series of a given voxel with those
of its 26 nearest neighbours'” and then generated an indivi-
dual ReHo map. To reduce the effect of individual diversi-
fication, we converted the ReHo value of each voxel into
a z-score by subtracting and dividing by the standard devia-
tion of the whole-brain ReHo map. The brain regions for
which ReHo was significantly altered were set as the center
of the sphere, and the sphere region formed with a radius of
6mm was set as ROI. In accordance with the sequence, the
ROIs were recorded as ROI1, ROI2, ROI3, ROI4, ROIn, etc.
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Figure | Three selected resting state visual networks in this study. NI network (A) included primary visual cortex, cerebellum regions and etc. N2 network (B) included
left lingual gyrus, superior frontal gyrus, etc. N3 network (C) included middle occipital gyrus, fusiform gyrus, right lingual gyrus, primary motor cortex, etc.

Statistical Analysis

All statistical analyses were performed in GraphPad Prism
6 (GraphPad Software Inc., San Diego, CA, USA). The
comparison of measurement data between two groups was
analyzed with the Student’s #-test. The comparison of
enumeration data between two groups was analyzed with

the chi-square test. All data were shown as the mean +
standard deviation of the mean. Pearson’s correlation was
used for the linear correlation analysis between ROIs and
MSQ scores of each item. The correlation coefficient
R represents the correlation strength, 0.1 < |R| <03
represents a weak correlation, 0.3 < |R| < 0.5 medium
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correlation, and |R| > (.5 strong correlation. P < 0.05
was used as the threshold of significance in all analyses.

Results

Participants and Baseline Characteristics
After the screening of 78 participants (35 healthy control
volunteers and 43 MwoA patients), 20 patients were
included in this study with a disease duration of more
than 6 months (13.45 + 4.54 months), an average attack
frequency of more than 1 time/month (3.10 + 1.45 times/
month) and a average attack duration of more than or
equal to 4 hours (13.85 + 9.37 hours). Twenty age-, sex-,
educational qualification- and dominant hand-matched
healthy controls were included in the study. The demo-
graphic characteristics, including sex, age, educational
qualifications and dominant hand are shown in Table I;
no significant differences were observed between the
groups (P = 1.00, 0.58, 1.00 and 1.00 for sex, age, educa-
tional qualifications and dominant hand, respectively).

NRS Outcomes

The NRS scores of patients with MwoA (5.9 + 1.45) were
significantly higher compared with healthy volunteers
(0.2 £ 0.52) (Student’s #-test, P < 0.0001, Table 1), indicat-
ing a higher pain intensity.

QoL Outcomes
MSQv2.1 scale scores from the study sample can be found
in Table 2. The scores for MSQ-RFR, MSQ-RFP and
MSQ-EF were fairly low. The low MSQ-RER score indi-
cated that patients’ performance of normal activities was
The low MSQ-RFP

limited by migraine. score

Table | Baseline Characteristics and NRS Scores of Participants

Items MwoA HC P-value
Group Group

Sex Male 8 8 1.00
Female 12 12

Age (meanxSD) 24.65%1.18 | 24.45£1.10 0.58

Educational MD students 19 19 1.00

qualification | PhD students | |

Dominant Right 20 20 1.00

hand Left 0 0

NRS scores (mean+SD) 5.9+1.45 0.2+0.52 <0.0001

Abbreviations: NRS, the Pain Number Evaluation Scale; MwoA, migraine without
aura; HC, healthy control.

Table 2 The MSQ Scores of MwoA Patients

Items Scores Total Scores
(MeantSD) (MeantSD)
Role Function- MSQI 4.75%1.33 31.90£2.99
Restrictive (RFR) MSQ2 4.35+0.75
MSQ3 5.10£0.72
MSQ4 4.55+0.76
MSQ5 3.75+0.72
MSQé 4.60£0.82
MSQ7 4.80£0.62
Role Function- MSQ8 3.90+0.55 15.75+1.48
Preventive (RFP) MSQ9 3.80+0.77
MSQI0 4.10£0.79
MSQI | 3.95+0.83
Emotional Function MSQI2 4.05+0.69 12.55+1.61
(EF) MSQI3 4.15%0.75
MSQI4 4.35+0.99
Total MSQ 60.20+4.11

Abbreviations: MSQ, Migraine-Specific Quality of Life Questionnaire; MSQI,
interrupting your relationships with family, friends, and others; MSQ2, interrupting
your leisure time; MSQ3, difficult to carry out work and daily activities; MSQ4,
declining your workloads; MSQ5, declining the attention of work and life; MSQS6,
feeling too tired; MSQ7, energetic days are reduced; MSQ8, canceling from work
and daily life; MSQ9, need help to deal with routine tasks; MSQ10, stopping your
work or daily life; MSQI I, can not participate in social activities; MSQ12, feeling
bored or frustrated; MSQI3, the burden of feeling like others; MSQ14, the fear of
disappointing others.

demonstrated that patients’ performance of normal activ-
ities was interrupted by migraines. The low MSQ-EF score
demonstrated that patients’ emotions were affected by
migraines. The low total score indicated an overall poor
quality of life.

rs-fMRI Outcomes

Among the 20 components obtained by ICA analysis,
three were identified as consistent with the vision-related
brain networks in the template and were recorded as
Networkl (N1), Network2 (N2), and Network3 (N3).

In the N1 network, the functional activity of the left
primary visual cortex and left culmen of cerebellum of
patients with migraine were significantly stronger compared
with the healthy control (HC) group (Figure 2). Further, in
the N2 network, the functional activity of the left lingual
gyrus and left superior frontal gyrus was significantly higher
than in the HC group (Figure 3). Finally, in the N3 network,
the functional activity of the right middle occipital gyrus, left
fusiform gyrus, right lingual gyrus and right primary motor
cortex significantly weakened, while the that of the left
posterolateral prefrontal cortex significantly enhanced com-
pared to the HC group (Figure 4).
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Figure 2 The comparison of NI network functional activity between the MwoA group and the HC group. The functional activity peak of the left primary visual cortex [(A),
ROI I, Brodmann’s area (BA7), coordinates (—4, —96, —6), T-value (19.04), Voxel values (1089)] and the left culmen of cerebellum [(B), ROI 2, coordinates (—4, —62, —10),
T-value (4.97), Voxel values (453)] enhanced in the MwoA group. The warm colors represent enhanced functional activity.

A B

Figure 3 The comparison of N2 network functional activity between the MwoA group and the HC group. The functional activity peak of the left lingual gyrus ((A), ROI 3,
coordinates (—10, =92, —10), T-value (22.14), Voxel values (2229)) and the superior frontal gyrus ((B), ROI 4, coordinates (—26, 46, 40), T-value (I1.36), Voxel values (2171))
were stronger in the MwoA group. The warmer colors represent stronger functional activity.

Linear Correlation Analysis Outcomes

The results of Pearson correlation analysis showed that the
decline of attention in work and life (MSQS5) was positively
associated with the functional activity of the left primary visual
cortex and left lingual gyrus (r = 0.533 and 0.496, P = 0.016
and 0.026, respectively Table 3). Cancelling from work and
daily life (MSQS8) was inversely associated with the functional
activity of right primary motor cortex (r = —0.501, P = 0.024,
Table 3), while the burden of feeling like others (MSQ13) was
positively associated with the functional activity of right lin-
gual gyrus (r = 0.534, P = 0.015, Table 3). Further, overall

decrease in quality of life was positively associated with the
functional activity of right lingual gyrus (r = 0.549, P=0.012,
Table 3).

Discussion

In this study, we enrolled a group of MwoA patients and
a healthy control group matched for sex, age, and educa-
tion. RS-fMRI scans and ICA methods were used to eval-
uate the abnormalities of vision-related brain networks in
the interictal phase of MwoA. Our results support our
hypothesis that the MwoA patients have abnormalities in
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Figure 4 The comparison of N3 network functional activity between the MwoA group and the HC group. The functional activity peak of the right middle occipital gyrus
[(A), ROI 5, coordinates (52, —68, —8), T-value (—20.08), Voxel values (1048)], the left fusiform gyrus [(B), ROI 6, Brodmann’s area (BA37), coordinates (—50, —68, —12),
T-value (—21.35), Voxel values (2635)], the right lingual gyrus [(C), ROI 7, coordinates (2, —68, 2), T-value (—6.32), Voxel values (388)] and the right primary motor cortex
[(D), ROI 8, Brodmann’s area (BA4), coordinates (52, —10, 52), T-value (—11.07), Voxel values (307)] decreased in the MwoA group. The functional activity peak of left
posterolateral prefrontal cortex [(E), ROl 9, Brodmann’s area (BA9), coordinates (—8, 60, 32), T-value (10.66), Voxel values (1740)] enhanced in the MwoA group. The warm
colors represent an enhanced functional activity, while the cold colors represent a weakened functional activity.

their vision-related brain networks. Headache and visual
impairment are two key factors in the decreased QoL of
migraine patients.® The higher NRS scores indicated that
patients with MwoA suffered from headache. Even though
we did not assess the degree of visual impairment in the
patients, but we recorded their visual impairment that
happened during and for some time after the attack. It
indicated that 18 patients had photophobia, 14 patients
had blurring of vision, 5 patients had diplopia, 2 patients
abnormal visual-spatial attention, and 1 patient had color
vision. To evaluate patients’ QoL, we used the MSQ
Chinese version which has great reliability and validity.'?
The correlation analysis results showed that there was
connection between MSQ scores and the function activity
of visual networks. These suggest that regulating the
neural functions of the corresponding brain regions may
improve the QoL of MwoA patients, improving their abil-
ity to engage with work. Long-term lower QoL can trigger
nervous anxiety and depression that enhance the develop-
ment of migraine and lead to chronicity.'® Thus, the
improvement of patients’ QoL should be given the same
emphasis as pain management.

A previous study showed that interictal glutamate
levels were increased in the visual cortex of patients with
MwoA, indicating the visual cortical hyperexcitability in
migraine.® Consistent with these results, we found that the
functional activity of left primary visual cortex was higher
than controls. However, the functional activity of right
visual cortex was weakened. The human visual cortex
includes the primary visual cortex (V1, also known as
the striate cortex) and the extrastriate cortex (V2, V3,
V4, V5, etc.).'”?® We analyzed them separately and got
different results. A recent study indicated that the left V3/

V3A of visual cortex was both sensitive and specific for
migraine atrophy coordinates.”' These results illustrate
that enhanced functional activity of the left visual cortex
is one of the important pathogenesis of migraine.
However, previous studies have focused less on visual
networks of reduced functional activity and there’s no
study about the functional activity of the right primary
visual cortex to refer to. Thus, our results of weakened
functional activity of the right visual cortex need to be
verified by more neuroimaging experiments.

In MA patients, the functional activity of lingual gyrus
and cerebellum were significantly higher than controls
with traumatic thermal stimulation of the trigeminal
nerve.”> Our results of the left lingual gyrus and parietal
cerebellum were consistent with this study, but the results
of the right lingual gyrus were opposite. The difference in
functional activity of left and right lingual gyrus may be
due to the functional asymmetry between the two hemi-
spheres. Interestingly, the right lingual gyrus was not only
associated with the burden of feeling like someone else but
also associated with the overall decrease of patients’ QoL.
The cerebellum is a key component of the sensory proces-
sing circuit. Since granulosa cells (GCs) and Golgi cells
(GOCs) receive a wide range of afferent information from
the mossy fiber (MF) system, the cerebellum plays an
important role in the integration and processing of visual,
auditory, tactile and even olfactory information.®> The
functional activity of the culmen of cerebellum was stron-
ger in MwoA patients during the interictal period, partly
explaining why MwoA sufferers are hypersensitive to
visual and auditory stimuli.

It deserved our attention that the functional activity of
the posterolateral prefrontal cortex was higher than HCs in
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our study. The lateral prefrontal cortex receives informa-
tion about object vision from the visual areas of the tem-
poral cortex and is strongly connected to the sensory
cortex.?* Thus, it may be associated with pain and visual
impairment of MWOA, although it was not directly asso-
ciated with decreased QoL in patients our correlation
analysis. Interestingly, the pain networks trigger an adap-
tive visual networks functional plasticity that might help
migraine patients to overcome impaired visuospatial
skills.”® These suggest that the interaction between the
visual networks and the pain networks is strong in
migraine. In order to better understand the pathological
mechanism of visual network abnormalities in CM, we
should investigate the correlation between visual networks
and pain networks.

Although our MRI results did not show the abnormal
activity of thalamus nucleus in migraine, some of them
may also contribute to the headache and visual impairment
in MwoA, the pulvinar in particular. Pulvinar, lateral pos-
terior nucleus of thalamus, is the largest nucleus of the
thalamus. Its lateral and inferior areas have rich connec-
tions with the visual- and dorsolateral parietal cortices and
the medial and upper connect with the anterior cingulum
and the premotor and prefrontal association areas. Thus,
pulvinar was considered to play an important role in the
visual and multisensory processing.’* >’ Moreover, pre-
vious studies have shown abnormal activity of the pulvinar

3031 The abnormal

nucleus in patients with migraine.
dynamic functional network connectivity of pulvinar with
the visual cortex and the precuneus were significantly
correlated with headache frequency of migraine.**
Therefore, the pulvinar is well positioned to serve as
a key subcortical node in the neural circuits underlying
the sensory and visual symptoms of migraine. Next, we
will enroll more patients and furtherly study its role in
MwoA by using MRI scans and dynamic functional net-
work connectivity state analysis.

The decrease of visual recognition ability is related to
age, sex, and educational qualifications, along with spatial
visual and cognitive states.*” In this study, the age, sex and
educational qualifications of the subjects in the two groups
matched, and interference factors were excluded.
However, It should also be noted that 5 patients used
migraine treatments during their MwoA attack in 1
month before MRI experiment, including 2 patients used
ibuprofen and 3 Zolmitriptan. Among them, 2 patients
took migraine preventives in the interictal stage, and they

took traditional Chinese medicine in 2 month before MRI

experiment. Although they stopped treatments 3 days and
stopped preventives 1 month before the MRI, it may also
affect the MRI results.

It has been reported that neural connections between
the visual networks and other regions are significantly
enhanced in patients with CM, and that their strength is
proportional to the severity of migraine.>* However, ICA
analysis can obtain vision-related brain network spatial
distribution but cannot measure the strength of the con-
nections between related brain regions. Moreover, RS-
fMRI cannot judge if activated and weakened brain
regions are really the result of enhanced and decreased
self-function or of the negative feedback of network. In
future, task-based functional MRI will be designed to
verify these questions. The combined analysis of RS-
MRI and task-based functional MRI will provide theore-
tical basis for precise treatment strategies of clinical
manifestations of abnormal brain regions through neuro-
regulation. Furthermore, neuro-regulation techniques can
modulate the functions of the cerebral cortex and deep
nuclei without the burden of serious side effects and
drug interactions.** Several neuro-regulation devices
have been approved by the Food and Drug
Administration (FDA) for the treatment of MA.*> This
provides us with the possibility of clinical treatment
transformation of this study. According to the clinical
manifestations of MwoA patients such as decreased QoL
and attention, limitation of social and work activity, and
poor mood, the corresponding brain regions could be
selected as targets, and different neuro-regulatory tech-
niques could be used to prevent and treat MwoA.

Conclusion

This study reveals that, in between headache attacks,
MwoA induced abnormalities in vision-related brain net-
works, including an enhanced functional activity in the
left primary visual cortex, left culmen of cerebellum, left
lingual gyrus, superior frontal gyrus, and left posterior
lateral prefrontal cortex, as well as a weakened func-
tional activity in right middle occipital gyrus, left fusi-
form gyrus, right lingual gyrus, and right primary motor
cortex. The enhanced functional activity of the left pri-
mary visual cortex and left lingual gyrus triggered the
decline of attention in work and life, while the weakened
functional activity of the right primary motor cortex
induced a withdrawal from work and daily life. Further,
the enhanced functional activity in the right lingual gyrus
was associated with the burden of feeling like others and
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with a decrease in the overall QoL of MwoA patients.
These specific cortical areas may become key targets for
the neuro-regulation treatment of MwoA, generating an
improvement of patients’ QoL.

We hope that this study can help improve MwoA
patients’ QoL by identifying the potential specific brain
networks that affect MwoA patients’ QoL and by guiding
targeted clinical interventions. However, additional studies
including long-term clinical trials and animal experiments
investigating the underlying neural mechanisms, are eagerly
expected in order to achieve a better understanding of the
important role of vision-related brain networks in MwoA.
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