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SUMMARY - Introduction: Migraine is one of the most prominent headache disorders with a
global burden of over one billion patients and presents as a disabling and painful disorder. The patho-
physiological mechanism of migraine is not fully understood, but the most accepted theory suggests that
migraine is caused primarily by neural dysfunction leading to secondary changes in cerebral perfusion.
Methods: We conducted a case-control study in 175 patients; 88 were migraineurs and 87 were healthy
controls. Optical coherence tomography (OCT) was performed in all patients using a spectral-domain
OCT device in the same environmental conditions. Inclusion and exclusion criteria were set up to
achieve more homogenous groups. OCT was performed to scan all retinal layers with an emphasis on
the inner plexiform layer (IPL).

Results: Among the 175 examined subjects, 84% were women. The group of migraine patients con-
sisted of patients without aura (56%) and patients with aura (44%). After collecting tomography data,
we did not find subjects with changes of IPL. Nevertheless, only moderate differences in IPL thickness
in all quadrants except the central area were found in the group of migraine patients with aura using
Pearson’s test.

Conclusion: According to the presented results, no significant changes of IPL thickness in migraine
patients were found. We have to emphasize the need for further investigation of the relationship be-
tween average migraine headache days per month and IPL thickness.
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Introduction

Migraine is a primary headache disorder which
lasts up to 72 hours and is usually characterized by
moderate or severe recurrent episodes of pulsating
pain with a mostly unilateral appearance and a range
of accompanying symptoms. Its first appearance in pa-
tients is most frequent in puberty, it peaks between 35
and 45 years and is more frequent in the female popu-
lation. As a global burden, it presents in approximate-
ly 15% of the population'™. In 2018, it was classified
into three main groups according to the International
Headache classification, 3" edition*: migraine without
aura (MwoA), migraine with aura (MwA) and chron-
ic migraine. Aura represents transient focal neurolog-
ical symptoms that usually precede, but sometimes
accompany the headache phase of migraine attacks
and is present in one third of the individuals who
have migraine. Migraine is one of the most prevalent
neurological diseases and, although its pathogenesis
is not fully understood, an increasing amount of evi-
dence supports the involvement of the neurovascular
system in the development of the disease. Previous
knowledge, based on Wolff’s and Graham’s vascular
theory of the pathophysiology of migraine in which
the aura and headache are caused by the vasoconstric-
tion and vasodilatation of blood vessels of the brain,
are not accepted in their entirety today, but they are
not abandoned completely. According to the neuro-
genic (or neurovascular) theory, migraine patients in a
state without headache have a hyper excitability of the
neurons of the cerebral cortex, especially the occipital
cortex. Observing the pathophysiology of MwA, the
theory of cortical spreading depression explains the
symptoms of aura, which are followed by the activa-
tion of the trigeminal vascular system (TGVS) and
the development of the next phase of the migraine
attack — pain. The release of neurotransmitters and
vasoactive intestinal peptides is increased with the ac-
tivation and sensitization of TGVS. This activation of
injurious receptors results in the transmission of pain
signals via the trigeminal nociceptive afferent fibers,
hence causing pain®®. Visual aura is known as the
most common aura symptom during migraine attacks.
Transient vasospasm during visual aura or even MwoA
can cause a decreased blood flow and perfusion deficit
in the ocular vasculature. Cerebral and ocular vascular
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changes and the subsequent transitory constriction of
the retinal and ciliary arteries lead to possible ischemic
damage of the optic nerve, retina or choroid, causing
thickness changes in retinal layers’. OCT is a simple
and noninvasive procedure to assess such morpholog-
ical retinal and choroidal changes in individuals with
neurodegenerative diseases — but also in migraine
patients — by utilizing infrared wavelengths with a
sensitivity of 8-10 micrometers'®"2. OCT can be used
to quantitatively and qualitatively detect and measure
the thickness of retinal layers, such as the retinal nerve
fiber layer (RNFL), ganglion cell layer (GCL) and
inner plexiform layer (IPL). Several recent clinical
studies have reported alterations in retinal perfusion,
microvascular alterations and consequent changes
in the thickness of specific retinal layers in migraine
individuals, but different and even contradictory re-
sults have been obtained. We performed an extensive
clinical study and investigated the impact of MwA or
MwoA on possible changes in the thickness of seven
retinal layers, but in this paper we will focus primarily

on IPL.

Methods

This case-control study was conducted on 175 par-
ticipants; 88 individuals had the diagnosis of migraine
and 87 were healthy/control participants. The study
protocol adhered to the tenets of the Declaration of
Helsinki and was previously approved by the hospi-
tal's Ethics Board. Each participant was informed
about the study and signed an informed consent form
before participation. The 88 participants who had the
diagnosis of MwA or MwoA were treated by a neu-
rologist in the Department of Neurology, University
Hospital Center Osijek, Croatia. Key (general) crite-
ria for participants with migraine were: over 18 years
of age, the diagnosis of MwA or MwoA confirmed by
a neurologist, no pathological findings on native mag-
netic resonance imaging (MRI) of the brain and brain
blood vessels including white matter lesions, and no
pathological findings in a neurological examination.
Exclusion criteria for the group of cases, i.e. partici-
pants with migraine, were: an inability to cooperate
due to cognitive or psychiatric disorders, a suspected
or confirmed neurodegenerative or demyelinating
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disease of the central nervous system, head trauma,
nystagmus verified by a neurological examination,
myopia or hyperopia >2 diopters, intracranial opera-
tions, eye diseases, ocular hypertension (>20 mm Hg),
history of glaucoma, diabetic maculopathy, diabetic
retinopathy, epiretinal membrane, vitreomacular trac-
tion, any other pathology of the posterior pole of the
eye, post-traumatic eye events, eye infections, optic
nerve conduction disorders verified by visual evoked
potentials, systemic diseases affecting the brain, optic
nerve and eye (diabetes mellitus, hypertension or low
blood pressure, dyslipidemia, coagulation disorders,
cardiopathy) or active therapy with medication that
could affect retinal thickness. Subjects who met all the
inclusion criteria and none of the exclusion criteria
were invited to participate in the study by undergoing
an OCT scan after providing a written informed con-
sent. A total of 87 participants were healthy individu-
als who also had to be older than 18 years and able to
sign the informed consent form. The same exclusion
criteria were established for the group of healthy con-
trols and the study groups were matched by sex and
age.

Procedure: 'The study was conducted using a
high-resolution spectral-domain scan Heidelberg
Spectralis® OCT device. It provides a capture rate of
40,000 A-scans per second with an image magnifica-
tion of 10 micrometers per pixel. IPL measurements
were obtained in the same room, under the same con-
ditions during the morning hours in all participants.
In all subjects with migraines, the OCT scan was
performed a minimum of 48 hours after the last acute
migraine attack and the application of acute therapy
for the migraine attack. All the scans were performed
by the same ophthalmic technician. The system was
centered on fovea and papilla; all scans were fully au-
tomatically aligned and focused using real-time eye
tracking. All captured scans were automatically saved
and analyzed by the OCT software.

Statistical analysis: Data processing was done in the
statistical program PSPP v.3. The statistical methods
used were the Student’s t-test and Pearson’s coefficient
correlations. The defined level of significance was P
<0.05. The normality of the distribution of OCT was
checked with the Kolmogorov-Smirnov test. The dis-
persion of the results was measured with the arithme-
tic mean and standard deviation.
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Results

Overall, 175 respondents participated in the re-
search; 146 (84%) of them were female with an av-
erage age of 38+11 and 29 (16%) were male patients
with an average age of 36+ 9.88 (50.3%). A total of 88
respondents had previously been diagnosed with mi-
graine and 87 (49.7%) were healthy/control subjects.
In patients with migraine, 49 (56%) reported MwoA
and 39 (44%) patients had MwA. Furthermore, a
positive family history of migraine was documented
in 31 (35%) patients; in 26 (84%) subjects, migraine
was found in their parents, and in 5 patients (16%)
it was documented in siblings. In the same group, a
detailed analysis revealed the incidence of MwA in 11
(28%) patients, and MwoA in 20 (41%) patients. All
participants with MwA reported visual aura; 51% had
fortification spectrum and 39% partial vision loss (sco-
toma). The characteristics of pain and the localization
of migraine are shown in Table 1.

Table 1. Descriptive data presenting the type of migraine
pain and its localization.

Type of pain n %
Pulsatile 77 87.5
Pressure 1 11
Blunt 2 2.3
Stabbing 8 9.1
Localization n %
Left-sided hemicrania 25 28.4
Right-sided hemicrania 32 36.4
Both-sided diffuse headache 31 35.2

A Student’s t-test was performed in independent
samples for each eye separately to analyze any differ-
ences in IPL thickness. Two groups of subjects were
analyzed: patients with migraine and healthy patients.
OCT was performed in both groups and the results
did not reveal any statistically significant difference
between the groups (Tables 2 and 3). Furthermore, the
same test was performed in groups of subjects with
MwA and MwoA. The statistical analysis did not re-
veal any difference in IPL thickness between the two
groups (Tables 4 and 5).
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Table 2. IPL thickness of the right eye measured by OCT in migraine patients and healthy subjects.

Number of | Arithmetic mean . 95% Confidence interval

Group . . Difference P-value*
patients (standard deviation) From To

OCT right eye Migraine 88 26.01 (2.19)

0.13 -0.64 0.67 0.05
lower temporal area | Healthy 87 26.00 (2.21) i
OCT right eye Migraine 88 24.69 (2.25)

.01 -0.64 . .
lower nasal area Healthy 87 24.68 (2.14) 00 06 066 >0.05
OCT right eye Migraine 88 35.55 (3.47) ) B
central area Healthy v 35.61 (3.07) 0.66 1.04 0.91 >0.05
OCT right eye Migraine 88 27.41 (2.25)

-0.18 -0.85 0.50 0.05
upper temporal area | Healthy 87 27.59 (2.24) ”
OCT right eye Migraine 88 25.50 (2.42)

-0.01 -0. . .
upper nasal area Healthy 87 25.51(2.14) 00 069 0.67 005

Table 3. IPL thickness of the left eye measured by OCT in migraine patients and healthy subjects.
Group Nufnber of | Arithmetic mean Difference 95% Confidence interval P-value*
patients (standard deviation) From To
Migrai 88 26.14 (2.30
OCT left eye lower | Vigraine (2.30) 0.20 -0.48 0.88 >0.05
temporal area Healthy 87 25.94 (2.25)
Migrai 88 24.85 (2.24
OCT left eye lower | MgTraine 2.24) -0.16 -0.83 0.51 >0.05
nasal area Healthy 87 25.01 (2.23)
Migrai 88 35.19 (3.44
OCT left eye igraine (3.44) 037 132 0.57 50.05
central area Healthy 87 35.56 (2.89)
OCT left eye upper | Migraine 88 27.49 2.30) 021 -0.47 0.90 >0.05
temporal area Healthy 87 27.28 (2.31)
OCT left eye upper Migraine 88 25.68 (2.40) 0.13 0.83 0.57 20,05
nasal area Healthy 87 25.81 (2.25)
Table 4. OCT-measured IPL thickness of the right eye in patients with MwA and MwoA.
Number | Arithmetic mean . 95% Confidence interval *
Group of patients | (standard deviation) Difference From To P-value
i Without 49 25.86 (2.03
OCT right eye Tout dur (2.03) -0.34 -1.28 0.59 >0.05
lower temporal area | With aura 39 26.20 (2.38)
i Without 49 24.45 (2.10
OCT right eye Tout dur (210 0.54 -1.50 0.42 >0.05
lower nasal area With aura 39 24.99 (2.42)
; Without 49 35.26 (2.93
OCT right eye !thout aura 2.93) -0.65 214 0.82 >0.05
central area With aura 39 35.91 (4.05)
i Without 49 27.19 (2.05
OCT right eye [Tiout aurd 2.05) -0.51 -1.47 0.45 >0.05
upper temporal area | With aura 39 27.69 (2.49)
i ‘Without 49 25.30 (2.24
OCT right eye 1Thou? aura (2.24) -0.45 -1.49 0.58 >0.05
upper nasal area ‘With aura 39 25.76 (2.62)
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We performed two separate Pearson’s tests in order
to evaluate the association between the average num-
ber of migraine headache days per month and changes
in IPL thickness using OCT in subjects with migraine.
The group of patients with MwoA and the group of
patients with MwA underwent separate tests. The
results in the first group did not reveal a statistically
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significant difference. However, a statistically signif-
icant moderate negative correlation in all quadrants
of both eyes except the central area was found in the
group of patients with MwA. The results indicate a
proportion of average migraine headache days per
month and changes in IPL thickness, which is pre-
sented in Tables 6 and 7.

Table 5. OCT-measured IPL thickness of the left eye in patients with MwA and MwoA.

Number | Arithmetic mean Diff. 95% Confidence interval Povalue*
Group of patients | (standard deviation) erence From To “value
OCT left eye lower Without aura | 49 26.04 (2.18) 03 101 0.76 20.05
temporal area With aura 39 26.27 (2.47)
OCT left eye lower | Without aura | 49 24.72 (2.06) 029 125 0.67 20,05
nasal area With aura 39 25.01 (2.47)
‘Without 49 34.71 (2.98
OCT left eye Sl (2.58) -1.08 254 0.38 50.05
central area With aura 39 35.79 (3.90)
Without 49 27.29 (2.16

OCT left eye upper | THIOUT 2073 (2.16) -0.44 143 0.54 >0.05
temporal area ‘With aura 39 27.75 (2.46)
OCT left eye upper Without aura | 49 25.53 (2.32) 034 137 0.69 20.05
nasal area With aura 39 25.87 (2.52)

Table 6. Pearsons test for IPL thickness in all quadrants for both eyes in patients with MwoA.
Right eye LT LIN* Cs Ut UNf*
Average migraine headache days per month -.011 -.067 .088 -.102 -.147
Left eye LT* LN¢# c UT? UNft
Average migraine headache days per month .016 .074 145 -.071 -.134

+ lower temporal (LT'), ¥ lower nasal (LN), § central (C), § upper temporal (UT), T+ upper nasal (UN)

Table 7. Pearson’s test for IPL thickness in all quadrants for both eyes in patients with MwA.
Right eye LT? LN¢# (O UT? UNf'
Average migraine headache days per month -.417* -.516* -.182 -.408** -.428**
Left eye LT LN¢# Cs UTY UNf*
Average migraine headache days per month -.488™ -.383* -.194 -.413* - 487

+ lower temporal (LT), § lower nasal (LN), § central (C), § upper temporal (UT), 1 upper nasal (UN)
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Discussion

Our study was conducted in order to find potential
changes in retinal layers in a specific layer of IPL which
consists of synaptic connections between the axons of
bipolar cells and the dendrites of ganglion cells. IPL
contains the synapse between the second-order and
third-order neuron in the visual pathway and a poten-
tial gap in the examination of migraine patients in this
layer emerged. Migraines mostly affect the female pop-
ulation®, which was also seen in the sample of subjects
included in our study; the proportion of women in the
sample was 84%. The first onset of migraine can occur
at any age, but the first notable crisis usually occurs dur-
ing adolescence with the peak occurring between 30
and 50 years of age. Migraine usually becomes signif-
icantly less intense and frequent during the following
decades. Our study confirmed these claims as the mean
age of our patients was 3811 and the presence of the
male sex was negligible. Migraine is one of the most
prevalent neurological conditions worldwide, with an
estimated yearly occurrence of more than one billion
cases'. As a cyclic disorder, it has different phases:
premonitory phase, transient neurological symptoms,
intense headache attack and postdrome phase'>1¢.

The underlying theory of the development and
etiology of migraines remains to be elucidated despite
recent advancements in diagnostic procedures, even
though neurogenic and vasogenic theories have been
proposed. The vasogenic theory in the development of
migraine prevailed during the 20% century and pro-
posed vasodilation as the cause of migraine pain. Still,
the neurogenic theory has gained more momentum
lately and postulates that an incorrect cerebral inter-
pretation of normal sensory input in the trigeminal
sensory system is the source of migraine discomfort'’.

Regardless of theory, studies of decreased retinal
thickness in migraine patients were recently conducted.
The use of OCT as the main tool in the investigation
of retinal pathology provides pertinent information
regarding the diagnosis and diversity of conditions
that lead to retinal tissue degeneration and alterations.
'This technique allows for an accurate measurement of
RNFL, GCL or macular volume. As a non-invasive
technique based on the principle of low-coherence
light interferometry, it became a generally accept-
ed method increasingly used in the analysis of the
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anterior eye segment. Technically, OCT uses infrared
light reflection in order to acquire axial cross-sectional
images with a resolution of less than 10 microns'®. The
importance of OCT becomes more obvious as the
retina is an extension of the central nervous system
and provides a corridor into abnormal brain processes.
Lately, OCT has been introduced as a diagnostic tool
that has provided concrete proof of RNFL thinning
and GCL abnormalities in a variety of neurological
conditions involving disorders of the nervous system.
The findings of these studies suggest a relationship
between the thickness of specific retinal layers, brain
atrophy and clinically manifested visual dysfunction,
making the eye a useful model for researching multiple
sclerosis and neurodegenerative diseases such as Par-
kinson’s disease and Alzheimer’s disease!*'?. Struc-
tural changes of the optic nerve in migraine are caused
by compromised choroidal blood flow which leads to
focal ischemic damage of the optic disk. In order to
confirm the connection between migraine and retinal
layer changes, several studies have been conducted so
far in the last decade, with inconsistent results.

As expected, we found a female predominance
among the subjects in our study. Also, MwoA was
found in 56% and MwA in 44% of the patients. Fa-
miliar inheritance in MwA was found in 85% of sub-
jects and chronic migraine was found in only 6% of
our subjects. We examined 175 subjects, i.e. 350 eyes,
and the results of the OCT scanning of the IPL of the
left and right eye did not reveal significant differences
among the previously defined groups of subjects. Also,
comparing the groups of patients with and without
aura with OCT analysis did not reveal any significant
differences between the groups.

The association between the frequency of migraine
and thickness of IPL among groups of subjects with
MwoA and MwA according to Pearson’s test did not
reveal any statistically significant differences in the
group of subjects with MwoA. Nevertheless, a sta-
tistically significant moderate negative correlation in
all quadrants of both eyes except the central area was
found in subjects with MwA.

In 2023, Liinamaa et al. published the largest cohort
study on retinal neural tissue and vascular changes®.
They did not find any statistically significant differenc-
es in average RNFL between healthy controls and 375

migraine patients. They also emphasized that migraine
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did not have any impact on the subfields of other retinal
layers. This study should be taken seriously due to its
total number of migraine subjects and healthy controls.
Our results are consistent with the aforementioned
study, although we worked with a notably smaller sam-
ple size. Other studies reported lesser RNFL thickness
in migraine patients when compared to healthy controls
and some of them observed thinner RNFL in specific
quadrants. In 2023, Raga-Martinez et al. reported less-
er thickness of the superior quadrant of the peripapil-
lary RNFL; the same study also reported reduced mean
thickness of GCL-IPL in chronic migraine patients'.
Similar to our results, Tak ¢/ a/. detected no significant
differences of IPL among the investigated groups®.
In 2023, Jie et al. published a meta-analysis of sixteen
identified studies in which they found a decreasing of
RNFL in subjects with MwA and MwoA; also, retinal
microvascular impairments were found in subjects with
MwA?®. We can conclude that our results display a sim-
ilar outcome with the aforementioned meta-analysis;
we would also like to emphasize that the number of
eyes examined in our study was notably higher in com-
parison to any single study included in the previously
mentioned meta-analysis.

To summarize, we did not find significant changes
of IPL in migraine patients. Moreover, the advantage
of our study was a completely homogenous group of
patients and healthy controls with a relatively large
number of subjects. Also, as the first study conducted
in the Republic of Croatia, we compared our results
with previously conducted studies with great interest.
According to the presented results, we can conclude
that migraine had no influence on the changes of the
examined IPL; although we need to highlight the need
for further investigations of the relationship between

average migraine headache days per month and IPL
thickness.
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Sazetak

UTJECAJ MIGRENE NA DEBLJINU UNUTARNJEG PLEKSIFORMNOG
SLOJA MJEREN OPTICKOM KOHERENTNOM TOMOGRAFIJOM

A. Soldo Koruga, N. Koruga, A. Roncevic, §. Balog, N. Rotim, . Butkovic Soldo, D. Janiuljak, A. Kokot i T. Pekmezovic

Uvod: Migrena je jedan od najistaknutijih oblika glavobolje s globalnim optere¢enjem od preko milijardu pacijenata i
prezentira se kao onesposobljavajuéi bolni poremecaj. Patofizioloski mehanizam migrene nije u potpunosti razjasnjen, ali
najprihvacenija teorija sugerira da je migrena prvenstveno uzrokovana neuronskom disfunkcijom koja dovodi do sekundarnih
promjena u cerebralnoj perfuziji.

Metode: Autori su proveli studiju slu¢aj-kontrola na 175 pacijenata; 88 su bili oboljeli od migrene, a 87 zdrave kontrolne
skupine. Opticka koherentna tomografija (OCT) provedena je kod svih pacijenata koristenjem spektralno-domenskog OCT
uredaja u istim uvjetima okoline. Uspostavljeni su ukljucni i iskljuéni kriteriji kako bi se postigle homogenije skupine. OCT
procedura provedena je skeniranjem svih slojeva mreZnice s naglaskom na unutarnji pleksiformni sloj (IPL).

Rezultati: Medu 175 pregledanih ispitanika, 84% bile su Zene. Skupinu pacijenata s migrenom ¢inili su pacijenti bez aure
(56%) i pacijenti s aurom (44%). Nakon prikupljanja podataka tomografije nismo pronasli ispitanike s promjenama IPL-a.
Ipak, u skupini pacijenata s migrenom i aurom, Pearsonovim testom pronadene su samo umjerene razlike u debljini IPL-a u
svim kvadrantima osim sredisnjeg podrudja.

Zaklju¢ak: Prema prikazanim rezultatima, nisu pronadene znacajne promjene debljine IPL-a kod pacijenata s migrenom.
Nuzna je potreba za daljnjim istraZivanjem odnosa izmedu prosje¢nog broja dana migrenske glavobolje u mjesecu i debljine IPL-a.

Klju¢ne rije¢i: studije siucaj-kontrola; migrena s aurom; migrena bez aure; opticka koberentna tomografija; mreznica
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