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Abstract

Background: Migraine is a predominant headache that
features pulsating pain that is mostly unilaterally provoked
by regular physical activity and is accompaniedby nausea
and/or photophobia and phonophobia. A range of autonomic,
cognitive, and emotional disturbances may accompany mi-
graine. High prevalence and elevated socioeconomic and
personal effect have been recorded by epidemiological studies.
Migraine has an incidence of 14% in the overall population
for one year. The Global Burden of Disease Survey ranked it
as the sixth largest worldwide cause of disability.

Aimof Sudy: The aim of this study isto assessthe role
of volumetric software tools using artificial intelligencein
evaluation of regional gray and white matter volume changes
in patients having migraine without aura.

Patients and Methods: We enrolled in this prospective
study 20 patients, age ranged from 13 to 52 years old (mean
=33.65 years, SD=10.68), 1 male and 19 female patients (5%
and 95% respectively). Ten patients (50%) suffering from
right side migraine, 8 (40%) from left side and two patients
(10%) suffering bilaterally. 3D T1-weighted MRI images with
dedicated parameters were uploaded to NeuroQuant software
which is FDA approved software for segmental brain volu-
metric studies. Automated reports for volume changes were
obtained.

Results: Focal hypertrophy was observed in 14 (70%)
patients for cerebellar white matter, 11 (55%) patients for
cingulate gyrus, 10 (50%) patients for nucleus accumabens,
10 (50%) patients for Hippocampus, 8 (40%) patients for
thalamus, 8 (40%) patients for isthmus cingulate, 7 (35%)
patients for posterior superior temporal sulcus, anterior cin-
gulate, para hippocampaleach & 6 (30%) patients for cerebral
white matter and ventral diencephalon. Less percentage was
noted for focal atrophy, 9 (45%) patients for medial orbitof-
rontal gyrus, 7 (35%) patients for posterior superior temporal
sulcus & 4 (20%) patients for ventricles.

Conclusion: Patients having migraine without aura show
gray and white matter volume changes in different cerebral
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and cerebellar areas that could be detected by MRI and
improved by using artificial intelligence software programs
for accurate, fast, automated volume changes detection.
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Introduction

MIGRAINE is apredominant headache that fea-
tures pulsating pain that is mostly unilaterally
provoked by regular physical activity and is ac-

companiedby nausea and/or photophobia and pho-

nophobia [1]. A range of autonomic, cognitive, and
emotional disturbances may accompany migraine
[2]. High prevalence and elevated socioeconomic
and personal effect have been recorded by epide-

miological studies. Migraine has an incidence of
14% in the overall population for one year [3]. The
Global Burden of Disease Survey ranked it as the
sixth largest worldwide cause of disability [4].

Genetic and environmental factors are directly
related to migraine attack initiation. Migraine
genomeassoci ation studies have shown that genetics
are committed in migraine [5]. Migraineis obvi-
ously associated with environmental variables as
stress, climate, hormonal variations, sleep disorders,
skipping meals and sensory problem [6]. Whatever
the cause is, during migraine imaging led to a
change from migraine pathophysiology vascular
hypotheses to the theories of the neurovascular or
Central Nervous System (CNS). MRI isan invasive
less procedure that can determine the morphological

List of Abbreviations:

MRI . Magnetic Resonance Imaging.
3D : Three Dimension.
CNS : Central Nervous System.
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basis of neurological disease and investigate func-
tional-structural associations [7].

Volumetric MR imaging technology was avail-
able in research and clinical environments for more
than 20 years. During this time radiology centers
used their imaging parameters and manually eval-
uated the resulting images. This made the clinical
application of this technology not reliable because
it was subjective and inconsistent from patient to
patient and scanner to scanner [8,9] .

The introduction of large multi-institution re-
search studies started the streaming of acquisition
protocols like the software used in our study that
provided consistent, anatomical and operator inde-
pendent measures of the volumes of different brain
structures. Different studies have been already
done for evaluation of this software which is FDA
approved and the results were comparable in accu-
racy, faster and more precise than manual segmen-
tation [10-14].

Migraineis classified as a heterogeneous disease
and is proposed to coexist with degenerative and
mal adaptive plasticity [15] . Imaging studies found
that migraine is associated with structural altera-
tions that affect gray and white matter [16,17].
Migraine was associated with a common core
collection of decreased volume of gray matter in
variable areas in cerebellar hemispheres on mag-
netic resonance imaging [5,11] .

Patients and M ethods

Patient:

This prospective study was permitted by Insti-
tutional Review Board (IRB). Informed consents
were obtained from all patients before MRI exam-
ination. Patients with clinical suspicion of migraine
headache without aura based on patient complaint
were clinically examined in order to exclude any
other causes of unilateral headache such as sinusitis,
refractive disorders or referred dental pain. Patients
with any MRI contraindications such as claustro-
phobic patients, patients with peacemakers or any
other head and neck prothesis were excluded, as
were other brain pathologies such as inflammatory
lesions, tumors or demyelinating diseases. Finally,
20 patientshaving migraine without aura were
included in this study with their age ranged from
13 to 52 years old (mean=33.65 years, SD=10.68).
The study included 1 male and 19 female patients
(5% and 95% respectively), they were suffering
from migraine for 1 to 25 years (mean=10.5 years,
SD=7.92) with frequency of attacks 2 to 6 times
per month (mean=3.6/month, SD=1.38), last attack

before our MRI exam was 0.43 to 4 weeks (mean=
1.54 weeks, SD=1.05). Ten patients (50%) suffering
from right side migraine, 8 (40%) from left side
and two patients (10%) suffering bilaterally.

This study was conducted at the Department
of Radiology, Faculty of Medicine, Mansoura
University from March 2019-March 2020.

Magnetic resonance imaging:

All patients included in this study underwent
conventional MR imaging using a1.5-T MR im-
aging scanner (Ingenia, Philips) with 20 channel
neurovascular head and neck coil. First conven-
tional MRI scanning with matrix about 80 X 80
with dlice thickness 5mm including axial, sagittal
and coronal T1IWI (TR=600ms, TE=25ms) & T2WI
(TR=6000ms, TE 90=ms). Then a 3D sagittal T 1 WI
images were taken according to the recommended
NeuroQuant sittings for Philips 1.5 Tesla machine
(Table1).

Table (1): Showing recommended NeuroQuant sittings (for
Sagittal 3D T1WI) Philips 1.5 Tesla machine.

Field strength 15T
FOvV 240-256mm
RFOV 100%
Matrix scan 192
Scan percentage 100%
Stacks 1

Slices 160-170
Slice thickness 1.2mm
Slice orientation Sagittal
Scan mode 3D
Technique FFE
Contrast enhancement Tl

Fast imaging mode TFE
TFE shot interval 2300ms
ECHOES 1

TE 4ams
Flip angle 8 deg
TR Shortest
TFE prepulse delay/T1 1000ms
Water fat shift Maximum
Gradient mode Default
Clear On
Parallel imaging method N/A

Maximum parallel imaging acceleration factor  N/A

Image analysis:

On secondary workstation (extended MR Work-
space 2.6.3.5, Philips medical systems Nederland
B.V) The DICOM images were transferred, after
revision of the images for any possible exclusion
pathologies and for any artefacts, finally the 3D
T1 weighted images were uploaded online to the
NeuroQuant software from CORTECHS labs-
research mode-using triage brain atrophy report
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for approximately 44 areas of gray and white
matters of both cerebral hemispheres. The software
automatically detects and highlights atrophied and

hypertrophied areas in separate regions considering

patient age and sex with respectively red and blue
colors Fig. (1).

Fig. (1): Output from NeuroQuant. For several brain areas on both sides with auto detection of atrophy or hypertrophy in relation
to patient age and sex.
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Satistical analysis.

Data definition took the form of mean and
Standard Deviation (SD). Data analysis was con-
ducted using Version 20 (SPSS Inc., Chicago, IlI,
USA) the statistical analysis of datawill be done.

Results

As shown in (Table 2), hypertrophy was ob-
served in 14 (70%) patients for cerebellar white
matter, 11 (55%) patients for cingulate gyrus, 10

ficial Intelligence in Evaluation of Migraine Without Aura

(50%) patients for nucleus accumabens, 10 (50%)
patients for Hippocampus, 8 (40%) patients for
thalamus, 8 (40%) patients for isthmus cingul ate,
7 (35%) patients for posterior superior temporal
sulcus, anterior cingulate, Para hippocampal each,
6 (30%) patients for cerebral white matter and
ventral diencephalon, and other less percentage
for different areas as shown in Fig. (2). Less per-
centage was noted for focal atrophy as showsin
Fig. (3), 9 (45%) patients for medial orbitofrontal
agyrus, 7 (35%) patients for posterior superior
temporal sulcus & 4 (20%) patients for ventricles.
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Fig. (2): Chart for number of brain areas with hypertrophy in migraine patients.
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Fig. (3): Chart for number of brain areas with atrophy in migraine patients.
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Table (2): Showing several brain areas with related number
and percentage of atrophy and hypertrophy.

Number of examined

areas (40)

Affected area Hypertrophy  Atrophy

N % N %
Cerebra white matter 6 150 0 0.0
Cortical gray matter 2 50 0 00
Ventricles 1 25 4 100
Cerebellar white matter 14 350 0 00
Cerebellar gray matter 0 00 3 75
Brain stem 0 00 0 00
Thalamus 8 200 0 0.0
Ventral diencephalon 6 150 0 00
Putamen 2 50 3 75
Caudate 0 00 0 00
Nucleus accumabens 10 250 1 25
Pallidum 0 00 2 50
Cingulate 1 275 0 00
Anterior cingulate 7 175 0 00
Posterior cingulate 2 50 0 00
Isthmus cingulate 8 200 0 0.0
Frontal lobes 2 50 0 00
Superior frontal 4 100 0 00
Middle frontal 2 50 1 25
Inferior frontal 2 50 3 75
Lateral orbitofrontal 1 25 1 25
Medial orbitofrontal 0 00 9 225
Paracentral 2 50 2 50
Primary motor 4 100 0 00
Parietal lobes 3 75 0 00
Primary sensory 3 75 1 25
Media parietal 2 50 0 0.0
Superior parietal 1 25 0 00
Inferior parietal 2 50 0 00
Supramarginal 3 75 1 25
Occipital lobes 0 00 2 50
Medial occipital 1 25 0 00
Lateral occipital 1 25 2 50
Temporal lobes 1 25 0 00
Transverse + superior temporal 1 25 3 75
Posterior superior temporal sulcus 7 175 7 175
Middle temporal 0 00 3 75
Inferior temporal 2 50 3 75
Fusiform 1 25 2 50
Parahippocampal 7 175 0 00
Entorhinal cortex 2 50 0 00
Temporal pole 3 75 0 00
Amygdala 3 75 0 00
Hippocampus 10 25.0 0 00

Discussion

Migraine is considered a heterogeneous disease
with numerous imaging studies [11-14] revealing
that it islinked to structural changesin the gray
and white matter [9,10] . Many of these studies
demonstrated gray matter atrophy in pain network
regions, explained by chronic stimulation and aging
of these areas,accompanied by other painful con-

1853

ditions [22-25] . Other studies in migraine patients
revealed gray matter hypertrophy [26,27], few studies
assessed gray matter thickness demonstrated con-
flicting outcome [26,28-30] .

In the current study we want to make benefit
from using Artificial Intelligence dependent soft-
ware in volumetric assessment of different brain
structures in patients having migraine without aura.
Thisis considered a pioneer study as the software
we are using was used only in assessment of neu-
rodegenerative disease like multiple sclerosis,
posttraumatic brain atrophy, Dementia and epilepsy
[10-14] ... but to our knowledge, thisisthe first time
to useit in migraine without aura. We are hoping
to open new research areain the field of diagnosis
and follow-up of migraine headache after using
different lines of therapy. Thisiswill be strength-
ened by the fast, easy and accurate segmental
guantitative assessment of multiple brain structures
(gray and white matter) making the results of MR
examination like blood test. Added to that, like
other Artificial Intelligence dependent software,
it can be integrated with PACS system making it
easier to use with no delay. Also, the results of
each report will be automatically compared to age
and sex matched controls and to the patient's cranial
volume which were aready integrated within the
software database, making the results more reliable.

Throughout our study, the areas of the brain
hypertrophy are much more than areas of atrophy
that are consistent with previous studies [30,31]
they also demonstrate overall whole cortex thick-
ening in patient with migraine compared to control
subjects [31]. We find that the cerebellar white
matter hypertrophy is more apparent in patient
studied accompanied by hypertrophy of cingulate.

Different results have been shown in similar
prior research with many areas varying in size,
which can be explained by the hypothesis that
patients with an aura differ in morphological chang-
es from patients without an aura, as well asthe
variation in total attack length and attack rates
[5,26,27,30] . Furthermore, the variable deficitsin
working memory, executive functions and eye
motion control found in different fields of affection
[20,32,33] may explain these different areas of af-
fection, and the areas of volume change vary in
specific wards depending on the associated symp-
toms of migraine.

Previous studies [26,27] find an increased cortical
thickness of the primary sensorimotor cortex, in
our study these areas are hypertrophied in less than
one fourth of the patients examined as well as other
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areas such as Nucleus accumabens, Hippocampus
and thalamus hypertrophy noted in our study more
than frontal areas hypertrophy. Other study shows
no abnormality of cortical thicknessin migraine
patients [28] . These differences in results may be
related to patients symptoms, examined areas and
other co-morbidities.

In our study we find medial orbitofrontal gyrus
atrophy in many patients as well as posterior supe-
rior temporal sulcus, also cerebellar gray matter
atrophy is demonstrated in fewer patients, on the
other hand the posterior superior temporal sulcus
is noted to hypertrophied in other patients with no
association to the side of migraine aswell. Previous
study demonstrated that posterior superior temporal
sulcus plays an important role in detecting, pre-
dicting, and reasoning about social actions and the
intentions underlying action [34] . Other study indi-
cated that it is apart of multisensory convergence
zones so it can be linked to migraines changes [35],
so that these contradictory volume changes findings
require more microstructure study.

In our study, cingulate is hypertrophied in more
than half of the patients examined, previous results
indicate that anterior cortical cingulate plays an
important role in migraine pathogenesis asit is
involved in chronic neuropathic pain and its asso-
ciated anxiety, but its functional modificationsin
migraine remain unknown [36] .

Several studies have examined migraine later-
ality [37,38] with conflicting results,but right-sided
migraine is relative more than left-sided with
respect to psychopathology, with also founding
predominance among females, while small numbers
of studied patients have been found close to the
same results.

Our research has several limitationsincluding
limited group of patients surveyed, including pa-
tients without aura only, further studies on large
numbers of patients are recommended.

Conclusion:

Patients having migraine without aura show
gray and white matter volume changesin different
cerebral and cerebellar areas that could be detected
by MRI and improved by using artificial intelli-
gence software programs for accurate, fast, auto-
mated volume changes detection.
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