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Abstract

e AIM: To evaluate the retinal vessel diameters in patients
with migraine by optical coherence tomography (OCT).

o METHODS: In this cross-sectional study, 124 eyes of 62
patients with a diagnosis of unilateral migraine during
attack-free period and 42 age- and sex-matched control
subjects were included. Migraine patients were divided
into the <2 migraine attacks per month group and the 25
migraine attacks per month group. All subjects underwent
complete ophthalmological and neurological examinations
before measurements. Retinal vessel diameters and
choroidal thickness were examined with the Spectralis OCT.
o RESULTS: The mean diameters of the arteries in the eyes
on the headache side of control group, 25 migraine attacks
per month and <2 migraine attacks per month group at
480 um from the optic disk (Raster 3) were 119.541+46.69,
136.68+25.93 and 119.34+31.75 um respectively with a steady
decline to 105.57+£32.15, 118.18%31.87 and 108.05%38.77 um
at 1440 ym (Raster 7), the last measurement point, res-
pectively. The retinal artery diameter measurements were
significantly increased in 25 migraine attacks per month
patients at four out of five measured points compared to
control group (P<0.05). There were no statistical differences
at any of the points of vein measurements. The choroidal
thickness measurements were significantly decreased in
25 migraine attacks per month patients at all measured
points compared to control group (P<0.05).

o CONCLUSION: The retinal artery diameter is found to
increase significantly and the choroidal thickness is found to
decrease in the eyes on the headache side in 25 migraine
attacks per month patients compared to control group.
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INTRODUCTION

igraine is a chronic neurovascular disorder chara-
M cterized by attacks of headaches, often unilateral and
pulsating, and associated with nausea and/or photophobia and
phonophobia. Two competing theories are being suggested for
migraine pathogenesis'". First one, the vasogenic theory claims
migraine as a form of vascular dysregulation and migraine
headache is caused by a rebound vasodilatation that results
in a mechanical depolarization of nociceptive neurons within
the walls of intra- and extra-cerebral vessels”™ . Second, the
neurogenic theory suggests migraine as a cranial disorder
and assumes vascular changes are the result of neuronal
dysfunction'*”.
Changes in the thickness of choroid may help understanding
the choroidal blood flow which receives approximately 95%
of all of the ocular blood supply'®. There are several studies
evaluating the choroidal thickness with spectral domain optical
coherence tomography (OCT) in migraine patients in the

71 Retinal vasculature system was not evaluated in

literature'
patients with migraine in the current literature.

The retinal blood vessels are the only part of the central circu-
lation system that can be directly and noninvasively visualized.
The diameters of retinal blood vessels are considered as an
important indicator of both cardiovascular and cerebrovascular
diseases and the diameter measurement has become a subject
of extensive research!”"",

To the best of our knowledge, there are no previous studies in
the literature evaluating retinal vessel diameter in migraine by
spectral domain OCT. The purpose of the current study was to
evaluate the retinal vessel diameters in patients with migraine
and compare them with that of healthy controls.

SUBJECTS AND METHODS

This observational, cross-sectional study involved 124 eyes
of 62 patients with a diagnosis of migraine with or without
aura during attack-free period (at least 7d without migraine
attack) according to the criteria of the Headache International
Society!” were recruited from the Neurology Clinic at the
Erciyes University Hospital. Forty-two age- and sex-matched
control subjects without systemic or ocular disease or any type
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Figure 1 Image of the retinal vessels in patients with migraine A: A cube scan composed of seven horizontal rasters with a 240-pm
interscan interval including the inferior temporal retinal vessels. The first raster is located at the inferior edge of the optic disk; B: The arrow
and arrow head indicate the retinal veins and retinal arteries, respectively.

were included. The study was performed in adherence with the
tenets of the Declaration of Helsinki and was approved by the
local Ethics Committee. Informed consent was obtained from
all of the study participants.

Migraine patients were divided into the <2 migraine attacks
per month group and the >5 migraine attacks per month group.
The age of onset, duration (year), attack frequency (per/
month), predominant side of headache, presence or absence
of aura were recorded. None of the migraine patients were
receiving a specific therapy for migraine except for simple
analgesics. Subjects with neurological diseases other than
migraines or with other types of migraine (that is, hemiplegic
migraine and retinal migraine) were excluded.

All subjects underwent complete ophthalmological examin-
ations including: best-corrected visual acuity, refraction, slit-
lamp biomicroscopy, intraocular pressure measurement with
Goldmann applanation tonometry, and fundus examination.
Patients were excluded if they had a history of ocular surface
disorder, refractive disorders greater than +1.0 D, evidence of
glaucoma and poor image due to cataract or unstable fixation,
previous ocular surgery, or ocular injury; if they had a history
of any systemic disease that could affect choroidal circulation
(such as hypertension, diabetes, vasculitis, or renal failure).
All of the subjects were non-smokers. All measurements were
taken at the same time of day (between 10:00 a.m. and 4:00 p.m.)
and at least 2h after wakeup time to avoid the effects of diurnal
variation in choroidal thickness and retinal vessel diameters.
Retinal Vessel Diameter Measurements A cube scan consisting
of 7 horizontal scans were placed at the inferior border of the
disk to include the large retinal vessels originating from the
disk (inferior temporal retinal arcades) (Figure 1). The scans
were 20° or 30° in size and of high resolution, 100 automatic
real time (ART) for maximal quality and resolution, and had
a 240-um interscan interval. Because the cube was placed at
the optic disk border, each raster (from 1 to 7) was placed at a
known constant distance from the optic disk border (Rasters
1-7 were at distances of 0, 240, 480, 720, 960, 1200, and 1440 pm,
respectively). The eye-tracking system and the averaging
technique (both unique features of the Spectralis) were used
to ensure high quality and reduction of noise speckles. Each

measurement was carried out on each of the OCT raster
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images from the hyper reflective signal inferiorly to the hyper
reflective signal superiorly (i.e. lumen plus vessel walls) as
described previously'® (Figure 1). Difficulties in identifying
the border of the retinal vessels at the first and second raster
line (i.e. at the optic disk border and at 240 pum) led to the
exclusion of those 2 rasters. Therefore, the statistical analysis
was conducted only on the measurements of lines 3 to 7
inferiorly (480-1440 um from the optic disk border). Vessels in
which these landmarks were not distinguishable were excluded
from analysis. The mean diame ter of the arteries and veins
was then calculated separately for each of the rasters and each
of the measurements. Masked retinal specialists independently
(Sevim DG and Unlu M) measured vessel diameters on each
OCT scan.

Choroidal Thickness Measurements The choroidal thickness
was measured with Heidelberg Spectralis-OCT (Spectralis;
Heidelberg Engineering, Heidelberg, Germany). Choroidal
thickness, defined as the distance between the outer portion of
the hyperreflective line that corresponds to the retinal pigment
epithelium and the inner surface of the sclera, was measured
manually by the trained observer in a masked fashion. Five
measurements perpendicular to the retina pigment epithelial
layer were obtained for each scan: one at the fovea; two at
1000 and 1500 pm nasal; and two located at 1000 and 1500 pm
temporal to the fovea.

Statistical Analysis Statistical analyses were performed using
SPSS V.20.0 (SPSS Inc., IBM Corp, Chicago, IL, USA).
The normal distribution of the data was checked using the
Kolmogorov-Smirnov test. The difference between in
choroidal thickness and retinal vessel diameter was calculated
by Kruskall-Wallis test. Mann-Whitney U test was used
for the pairwise comparisons of the groups. The correlation
between choroidal thickness, retinal vessel diameter and
migraine parameters were evaluated by Spearman’s correlation
coefficient. Statistical significance was defined as P<0.05.
RESULTS

One hundred and twenty-four eyes of 62 subjects in the
migraine group during attack-free period and 84 eyes of 42
subjects in control group were evaluated. In the study group,
31 patients suffered <2 migraine attacks per month and 31

patients had >5 migraine attacks per month. Demographic
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Table 1 Systemic and ocular characteristics of study subjects

X + 5 (range)

Parameters Migrain attacks >5 (n=31) Migrain attacks <2 (n=31) Control group (n=42) P
Age (a) 36.3+8.26 38.24+8.42 35.5+7.96 0.24
Sex (M/F) 5/26 6/25 6/36 0.15
Intraocular pressure (mm Hg) 13.6+£2.04 14.1£2.26 13.8+2.41 0.45
Refractive error (diopters) 0.0+1.8 0.0+2.1 0.0+£1.9 0.36
Headache side (R/L) 15/16 13/18 - 0.42
Disease duration (a) 10.8+£7.5 10.4£5.6 - 0.31
No. of attacks (per month) 6.8+4.2 (5-9) 1.3+0.4 (1-2) - 0.002
Aura (+/-) 4/27 4/27 - 0.25

R: Right; L: Left.

Table 2 Retinal artery diameter measurements of unilateral migraine subjects and controls X+ g0 Hm
Measurement Migrain attacks >5 (n=62 eyes) Migrain attacks <2 (n=62 eyes) Control group .
points Headache side eye Contralateral eye P Headache side eye  Contralateral eye P (n=84 eyes)

Raster 3 136.68+25.93 120.14+22.56 0.02 119.34+31.75 119.76+30.45 0.52 119.54+46.69  0.03
Raster 4 136.50+30.01 119.25+28.75 0.02 115.63+34.65 116.09+£31.22 0.61 117.16+£34.60  0.02
Raster 5 133.81425.14 116.26+25.14 0.03 116.63+£33.86 115.54+32.78 0.45 113.28+33.40  0.02
Raster 6 130.76+34.64 113.18+32.18 0.03 110.28+32.49 110.48+30.04 0.42 113.09+30.22  0.03
Raster 7 118.18+31.87 109.42+30.12 0.21 108.05+38.77 109.12+32.52 0.41 105.57432.15  0.12

'Kruskal-Wallis test comparison of 3 groups.

Table 3 Retinal vein diameter measurements of unilateral migraine subjects and controls X+ g Hm
Measurement Migrain attacks >5 (n=62 eyes) Migrain attacks <2 (n=62 eyes) Control group
points Headache side eye  Contralateral eye P Headache side eye  Contralateral eye P (n=84 eyes)

Raster 3 156.58+34.53 154.75+30.74 0.72 155.83+30.95 157.78+28.45 0.12  151.90+£33.34 0.82
Raster 4 157.28433.24 156.26+30.28 0.36 160.02+31.10 161.23+£30.36 0.48  151.72+£34.37 0.55
Raster 5 153.52426.19 153.28+24.14 0.12 161.81+28.13 160.23+£27.12 031  157.36+£29.70 0.33
Raster 6 146.59+33.67 143.12+30.21 0.25 150.28+32.00 151.24+31.01 021  148.03£29.42 0.80
Raster 7 148.17+34.13 147.15+36.12 0.12 151.134+34.27 153.10+£32.14 0.12  139.21£29.13  0.28

'Kruskal-Wallis test comparison of 3 groups.

data of migraine and control groups are shown in Table 1. All
migraine patients had unilateral headaches. There were no
differences between participants in the migraine and control
groups with respect to age or gender (P>0.05).

Retinal Artery Diameter Measurements The mean diameters
of the arteries in the eyes on the headache side of control
group, >5 migraine attacks per month and <2 migraine attacks
per month group at 480 um from the optic disk (Raster 3) were
119.54+46.69, 136.68+25.93, and 119.34+31.75 um respectively
with a steady decline to 105.57+32.15, 118.18+31.87, and
108.05+38.77 um at 1440 um (Raster 7), the last measurement
point, respectively (Table 2).

The retinal artery diameter measurements in the eyes on the
headache side were significantly increased in >5 migraine
attacks per month patients at four out of five measured points
compared to control group (P<0.05) (Table 2). However,
retinal artery diameter measurements were similar in all
measured points between <2 migraine attacks per month and
control group (P>0.05).

Retinal Vein Diameter Measurements The mean diameters
of the veins in the eyes on the headache side of control group,
>5 migraine attacks per month and <2 migraine attacks per
month group at 480 um from the optic disk (Raster 3) in the
eyes on the headache side were 151.90+33.34, 156.58+34.53,
and 155.83£30.95 pum respectively with a steady decline to
139.21£29.13, 148.17+34.13, and 151.13+34.27 um at 1440 pm
(Raster 7), the last measurement point, respectively (Table 3).
Table 3 displays the results of comparisons between the mean
diameters of the veins between control and migraine groups.
There were no statistical differences for either of these com-
parisons at any of the points of measurement in control group,
>5 migraine attacks per month, and <2 migraine attacks per
month group (P>0.05).

Choroidal Thickness Measurements The mean foveal
choroidal thickness in the eyes on the headache side was
356.50+37.25 um in the control group versus 317.98+38.72
and 350.52433.69 um in >5 migraine attacks per month and <2
migraine attacks per month groups, respectively (Table 4). The
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Table 4 The mean choroidal thickness measurements of unilateral migraine subjects and controls

xXtgoHm

Measurement Migrain attacks >5 (n=62 eyes) Migrain attacks <2 (n=62 eyes) Control group p
points Headache side eye  Contralateral eye P Headache side eye  Contralateral eye P (n=84 eyes)
N-1500 252.96+38.65 283.754+34.23 0.03 288.00+£30.42 284.13+37.15 0.14  287.14+£38.47 0.04
N-1000 281.40+38.97 312.24+37.45 0.04 315.02+38.47 314.11+32.24 0.18  317.50£31.92 0.01
F 317.98+38.72 352.45437.12 0.03 350.52+33.69 352.23+32.16 0.23  356.50+£37.25 0.04
T-1000 301.46+36.77 333.52436.23 0.03 331.304+30.23 333.15+37.78 0.42  337.78+37.74 0.03
T-1500 289.38+31.64 316.72430.02 0.02 316.77£31.19 316.12+34.12 0.83 318.97+34.35 0.04

N-1500: Choroidal thickness at 1500 um nasal to the fovea; N-1000: Choroidal thickness at 1000 pm nasal to the fovea; F: Choroidal
thickness at fovea; T-1000: Choroidal thickness at 1000 mm temporal to the fovea; T-1500: Choroidal thickness at 1500 pm temporal to the

fovea. 'Kruskal-Wallis test comparison of 3 groups.

choroidal thickness measurements in the eyes on the headache
side were significantly decreased in >5 migraine attacks per
month patients at all measured points compared to control
group (P<0.05) (Table 4). However, choroidal thickness was
similar in all measured points between <2 migraine attacks per
month and control group (P>0.05).

DISCUSSION

Migraine is the most prevalent neurological disorder and the
millions of people suffer from it in the world"”. Despite recent
advances, the mechanisms underlying migraine pathogenesis
still remain elusive. The role of vasogenic and neurogenic
theories has been a topic of intense debate'!. The vasogenic
theory of vasodilatation as causative for migraine pain
dominated migraine research for most of the 20" century"’.
Recently, the neurogenic theory has received increasing
support. It was suggested that, migraine pain is caused by
abnormal central interpretation of normal sensory input in the
trigeminal sensory system"".

The major finding of the present study was the existence of
an association between migraine attacks and retinal artery
dilatation. Patients with unilateral migraine had significant
dilatation of retinal artery only on the side with symptoms.
To best of our knowledge, this is the first study evaluating
the retinal vessel diameters in migraine patients by spectral
domain OCT. Additionally, there are several OCT studies
with conflicting findings of the relation between migraine and
choroidal thickness. In the acute phase of migraine increased
choroidal thickness due to rebound vasodilatation is clear;
whereas in the attack-free period choroidal attenuation due
to vasoconstrictive/ischemic nature is obvious. Because
the literature lacks studies regarding the effects of attack
frequencies of migraine among retinal vessel diameters, the
study groups in this study was formed related to the attack
frequencies and then the comparisons were made within the
groups and with the control group.

Asghar et al”” induced delayed migraine attacks and they
reported that the migraine attacks were associated with
dilatation of both extra- and intracranial vessels. Patients with

unilateral migraine pain had dilatation of the extracranial
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middle meningeal artery (MMA) and intracranial middle
cerebral artery (MCA) on the pain side but not on the pain-free
side. In patients with bilateral migraine pain, they recorded
bilateral dilatation of both the MMA and MCA. In the current
study, the retinal artery diameter measurements in the eyes on
the headache side were significantly increased in >5 migraine
attacks per month patients at four out of five measured points
compared to control group. However, retinal artery diameter
measurements were similar in all measured points between <2
migraine attacks per month and control group. Additionally,
there were no statistical differences for either of these
comparisons at any of the points of retinal vein measurement
of control group, >5 migraine attacks per month, and <2
migraine attacks per month group. According to neurogenic
inflammation theory, some unknown stimulus triggers cortical
spreading depression (CSD) in the brain. CSD creates a
domino effect that leads to trigeminal activation, mast cell
degranulation, vasodilatation and an increase in endothelial

1 The vasogenic theory which viewed migraine

permeability
as a form of vascular dysregulation assumes that migraine
headache was caused by a rebound vasodilatation of cranial
vessels after a transient vasoconstriction”. Thus, we can
conclude that persistent dynamic vascular changes may occur
in patients with >5 migraine attacks per month compared to <2
migraine attacks per month and control group.

In our study, we evaluated 62 unilateral migraine patients
(31 patients <2 migraine attacks per month and 31 patients
>5 migraine attacks per month) and compared their results
with 42 control subjects during attack-free period and found
the statistically significant decrease in choroidal thickness
in patients >5 migraine attacks per month in the eyes on the
headache side. Karaca et al™" assessed choroidal thicknesses
of 32 migraine patients during attack-free period. They found
that, the choroidal thickness was significantly decreased not
only in migraine patients with aura but also in those without
aura. They concluded that migraine headache induces choroidal
attenuation by vasoconstriction and ischemia in the attack-free
period. Karalezli et al'® assessed choroidal thicknesses of 20
newly diagnosed migraine patients. They showed a significant
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decrease in median choroidal thickness between the migraine
patients (277 pm) and controls (301 um). They suggested
that the decreased choroidal thickness might be related to the
vascular dysregulation. Additionally, 101 migraine patients
were assessed during headache-free periods with fingertip
photoplethysmography and they concluded that migraine was
a vasoconstrictive disorder even in the peripheral vascular
structures in the attack-free period™. In the current study the
mean foveal choroidal thickness was 356.5£37.25 um in the
control group versus 350.52+33.69 um and 317.98+38.72 pm
in <2 migraine attacks per month and >5 migraine attacks per
month groupin the eyes on the headache side, respectively. We
think that, choroidal attenuation and vascular dysregulation
may play a role in the decreased choroidal thickness in patients
with >5 migraine attacks per month.

In the acute phase of headache, there are contradictory results
in the literature. Karalezli et al'”’ evaluated choroidal thickness
in 46 acute migraine patients and found significant thickening
at all measurement points compared to healthy controls. They
concluded that rebound vasodilatation in the acute attack
period might be responsible for increased choroidal thickness
of migraine patients. In another study, Dadaci ez al''! reported
choroidal thickening during the attack period in the eyes on the
headache side of patients with bilateral or unilateral migraine
compared to basal levels. They concluded that presumed
neurogenic inflammation can occur in choroid and may result
in increased choroidal thickness during attack period. However,
Dervisogullari et al'"” evaluated choroidal thickness and
ocular pulse amplitude (OPA) measurements during the acute
attack period in migraine patients. They found significantly
decreased choroidal thickness in unilateral migraine patients
compared to control group. Prospective clinical studies with
larger acute migraine patients are needed to shed light on these
controversial findings.

To best of our knowledge, this is the first study in the literature
evaluating the retinal vessel diameters by OCT in migraine
patients. Our study had limitations in terms of a small sample
size. Additionally, migraine patients were not evaluated during
the acute migraine attack. Important data about mechanism
of acute disease might have been obtained if cases with acute
migraine had been included. Moreover we did not measure the
actual cross-section area of vessels, but their shadow width
on the IS/OS line. Additionally, measurement of small vessel
diameters is more difficult as the margin of underlying shadow
is less sharp than larger vessels. Choosing the ONH as the su-
perior border of OCT scans allows the selection of comparable
points from each vessel’s minimal topographical variations.

In conclusion, we found that the retinal artery diameter mea-
surements in the eyes on the headache side were significantly
increased in >5 migraine attacks per month patients compared

to control group. We also showed that the choroidal thickness

in the eyes on the headache side was significantly decreased
in >5 migraine attacks per month patients compared to <2
migraine attacks per month and control group. These findings
may be supported by further data and may provide further
insights into the pathogenesis of migraine.
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