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Abstract
Purpose Migraine is thought to be a neurovascular disorder and increases the likelyhood to develop ischemic complications.
Studies have shown that vascular disorders such as ischemic optic neuropathy, retinal artery and vein obstructions are more
common in patients with migraine. This study aimed to evaluate the differences between retinal and optic disc microvasculature
between migraine patients with and without aura and healthy controls using optical coherence tomography angiography (OCTA)
imaging.
Methods Thirty-three patients with migraine and 28 healthy subjects were included in this prospective cross sectional study.
Optical coherence tomography angiography imaging was performed for the macula and optic disc. Vessel densities (VD) and
choriocapillaris flow values were compared between three groups: control group, migraine with aura (MWA), and migraine
without aura (MWOA).
Results There was no difference between the three groups for the VDs of the foveal, perifoveal, parafoveal, and the whole area.
The choriocapillaris flow of patients with MWA was significantly less than that of the MWOA and control groups. The VDs of
the optic disc revealed no significant difference between the three groups.
Conclusion A lack of choriocapillaris autoregulatory mechanismsmay be a possible cause of the decrease in choriocapillaris flow
in patients with MWA.
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Introduction

Migraine is one of the main causes of headache worldwide,
and it is considered a neurovascular disorder. Although the
pathophysiology of migraine is not fully understood, two
main theories are proposed: the trigemino-vascular model
and cortical spreading depression (CSD) [1, 2]. In these two
theories, cerebral hypo-perfusion develops. Therefore, mi-
graine is more likely to cause the development of ischemic
complications. Owing to these vascular disorders in migraine,
a decrease in perfusion in the optic nerve head and retina can
be observed. A few case reports with ocular vascular disorders

such as ischemic optic neuropathy, retinal artery, and vein
obstructions have been reported [3–5].

There are limited studies evaluating ocular vascular changes
in migraine patients. In these studies, fundus photography and
fundus video were used to evaluate the vascular changes [6, 7].
Optical coherence tomography angiography (OCTA) is an im-
aging method that provides detailed information about retinal
microvasculature, and nowadays, with the introduction of this
method, more detailed information about the microvasculature
of the retinal and optic disc is obtained in vascular disorders.
Few studies have examined retinal and optic disc microvascu-
lature in patients with migraine using OCTA imaging [8, 9].
These studies evaluated only retinal microvasculature on mac-
ular OCTA, and the choriocapillaris layer was not evaluated.

This study aimed to evaluate the differences between reti-
nal and optic disc microvasculature between migraine patients
with and without aura and healthy controls using OCTA im-
aging. Additionally, it was aimed to evaluate microvascular
differences of the choriocapillaris layer between these patients
for the first time.

* Pınar Bingöl Kızıltunç
pinarbingol84@gmail.com

1 Department of Ophthalmology, Ankara University School of
Medicine, Ankara, Turkey

2 Department of Neurology, Ankara University School of Medicine,
Ankara, Turkey

https://doi.org/10.1007/s00417-020-04805-6

/ Published online: 26 June 2020

Graefe's Archive for Clinical and Experimental Ophthalmology (2020) 258:2517–2521

http://crossmark.crossref.org/dialog/?doi=10.1007/s00417-020-04805-6&domain=pdf
mailto:pinarbingol84@gmail.com


Materials and methods

Patients selection

This study was approved by the Institutional Review Board
Committee of the Ankara University (IRB Number: 05–396-
19, Date: 11March 2019) and was performed according to the
ethical principles of the Declaration of Helsinki. Informed
consent was obtained from all participants after explanations
of the nature and possible consequences of the study. Thirty-
three consecutive migraine patients whowere diagnosed at the
migraine clinic of the neurology department were referred to
the ophthalmology department and 28 age matched healthy
volunteer subjects were included in this prospective cross sec-
tional study. Patients with migraine were divided into two
groups according to the presence of aura (MWA, migraine
with aura and MWOA, migraine without aura).

The exclusion criteria were any ocular pathology, refrac-
tive error more than 3.5 diopters, and history of ocular sur-
gery, systemic diseases other than migraine, and regular drug
use.

Data acquisition and quantitative analysis

Each patient and healthy subject underwent full ophthalmic
examination, including visual acuity and intraocular pressure
(IOP) measurement and anterior and posterior segment exam-
ination. Optical Coherence Tomography (OCT) and OCTA
imaging were performed using an Optovue RTVue XR
Avanti spectral-domain OCT device with AngioVue software
version 3.5 (Optovue Inc., Fremont, CA, USA). The average
retinal nerve fiber layer (RNFL) thickness and ganglion cell
complex (GCC) thickness were measured based on structural
OCT scans [10].

Optical coherence tomography angiography images of the
macula were acquired from a 6 × 6 mm cube and optic nerve
were acquired from a 4.5 × 4.5 mm cube. Automatic segmen-
tation of the retinal layers was applied to derive the en face
slabs for each retinal capillary plexus. The superficial capillary
plexus (SCP) was defined from the inner limiting membrane
to 9 μm above the inner plexiform layer (IPL), the deep cap-
illary plexus (DCP) was defined from 9 μm above the IPL to
9 μm below the outer plexiform layer, and the choriocapillaris
layer was defined from 9 μm above and 30 μm below the
Bruch membrane layer.

The angioflow vessel density (VD) was expressed as
the percentage of vessel area with flowing blood over
the total measurement area. In the foveal, parafoveal,
and perifoveal regions, VDs were automatically calcu-
lated. A non-flow measurement on the superficial vas-
cular plexus was selected for the foveal avascular zone
(FAZ) and the software automatically calculated the area
(in mm2) by clicking on the center of the FAZ.

The OCTA images were evaluated in a reproducible man-
ner by GÖ, who was blinded to the files of the patients.
Optical coherence tomography and OCTA parameters were
compared between the MWA, MWOA, and healthy control
groups.

Statistical analysis

The statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS) version 15.0. A Shapiro–
Wilk test was performed for all variables to detect departures
from a normal distribution. Because there were three different
groups, the comparison of the variables was performed with
analysis of variance (ANOVA) or Kruskal–Wallis test accord-
ing to the distribution pattern. Bonferroni corrected results for
ANOVA and Dunn’s test results for Kruskal–Wallis tests
were assessed for pairwise comparisons. P values < 0.05 were
considered significant.

Results

In this prospective cross sectional study, there were 17
patients in the MWA group, 16 patients in the MWOA
group, and 28 healthy subjects in the control group. All
patients and healthy controls were female. Mean ages of
all groups were similar (32.1 years for the MWA group,
30.4 years for the MWOA group, and 32.3 years for the
control group).

Best corrected visual acuities of all patients and
healthy subjects were 0.0 logMAR, and all of them
had normal anterior and posterior segment evaluation.
Mean IOP values were not significantly different be-
tween the three groups (14.5 mmHg for the MWA
group, 13.7 mmHg for the MWOA group, and
14.2 mmHg for the control group). Refractive errors
(mean ± SD) were similar for the three groups (−1.75 ±
0.75 for the MWA group, −1.50 ± 0.50 for the MWOA
group, and −2.00 ± 0.75 for the control group). The av-
erage RNFL thickness and GCC thickness were similar
for the three groups (p = 0.715 and p = 0.405,
respectively, Table 1).

When VDs of macula for SCP and DCP were evaluated,
there was no difference between the three groups for the VDs
of the foveal, perifoveal, parafoveal, and the whole area. The
choriocapillaris flow of patients with MWA was significantly
less than the MWOA and control groups (p = 0.048), and the
foveal avascular zone of the three groups were similar (p =
0.370) (Table 2).

Assessment of optic disc OCTA parameters revealed no
significant decrease between the three groups (Table 2).
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Discussion

In this study, in contrast to other studies, the choriocapillaris
layer on macular OCTA was also evaluated and the
choriocapillaris flows of patients with MWA were found to
be less than those of patients with MWOA and the control
group. This decrease had a statistically borderline significance
(p = 0.048). There was no difference between the three groups
for the VDs of the foveal, perifoveal, parafoveal, and the
whole area for SCP and DCP. Additionally, RNFL and
GCC thickness were similar for all groups.

Although the pathophysiology of migraine is not fully un-
derstood, migraine is considered a systemic neurovascular
disorder, and ischemic events in migraine are not limited to

the brain. Other systemic ischemic conditions such as stroke,
angina, and myocardial infarction are also observed more in
these patients than in healthy subjects [11–13]. Additionally,
studies have shown that ischemic events are more common
in migraine patients with aura than migraine patients without
aura [13, 14].

Cortical spreading depression, which is the electrophysiolog-
ical mechanism of aura, may be the cause of more ischemic
events in migraine with aura. Increased risk of CSD develop-
ment and cerebral ischemia was demonstrated in mice with hu-
man migraine mutations [15]. In this electrophysiological con-
dition, significant ionic and water changes and increased energy
metabolism are seen due to the changes in the blood–brain bar-
rier. In the first stage, an increased blood flow is observed due to

Table 2 Comparison of OCTA
parameters between MWA,
MWOA, and healthy control
groups

OCTA parameter MWA group MWOA group Control group P value

Superficial capillary plexus

Whole 52.7 (47.0–54.5) 50.9 (32.3–55.7) 50.8 (41.3–54.2) 0.255

Fovea 21.8 (14.0–25.7) 19.7 (4.2–37.7) 18.1 (8.5–56.4) 0.275

Parafovea 53.1 (45.2–57.2) 52.9 (33.8–58.5) 51.9 (23.2–56.4) 0.257

Perifovea 53.3 (47.4–55.3) 51.7 (45.8–56.5) 51.7 (41.7–54.3) 0.249

Deep capillary plexus

Whole 50.0 (41.7–56.5) 52.7 (38.6–62.7) 50.2 (36.4–60.3) 0.336

Fovea 40.8 (18.2–49.7) 35.8 (19.3–49.5) 36.6 (18.4–50.1) 0.180

Parafovea 55.2 (51.3–58.0) 56.6 (44.2–64.0) 56.2 (44.0–60.4) 0.399

Perifovea 50.8 (42.5–58.2) 53.4 (38.3–64.3) 51.1 (36.5–62.0) 0.425

FAZ 0.22 ± 0.05 0.26 ± 0.13 0.28 ± 0.10 0.370

Choriocapillaris non-flow 0.45 (0.32–0.58) 0.53 (0.1–0.787) 0.56 (0.34–0.88) 0.093

Choriocapillaris flow 19.8 (18.5–20.8) 20.5 (18.8–21.9) 20.9 (18.7–21.5) 0.048

Optic disc

Whole disc 52.3 (48.7–52.9) 50.8 (45.4–54.0) 50.4 (45.6–54.4) 0.059

Inside disc 49.9 (43.1–52.4) 51.6 (44.2–53.1) 50.1 (42.1–52.6) 0.06

Peripapillary 53.1 (49.1–54.2) 52.8 (50.1–53.7) 54.1 (50.2–54.6) 0.08

FAZ foveal avascular zone, MWA migraine with aura, MWOA migraine without aura, OCTA optical coherence
tomography angiography

Table 1 Comparison of RNFL
and GCC thickness between
MWA, MWOA, and healthy
control groups using OCT
imaging

OCT parameter MWA group MWOA group Control group P value

RNFL thickness

Average 99 (83–127) 105 (89–119) 100.5 (88–127) 0.715

Superior 123.5 (90–172) 124.5 (110–148) 119.5 (94–167) 0.309

Inferior 124 (101–160) 131 (105–145) 120 (107–149) 0.638

Temporal 77.8 (67.6–88) 76.1 (67.6–84.6) 77.7 (69.4–86) 0.859

Nasal 76.9 (65.2–88.6) 80.6 (69.9–91.3) 82.5 (70.8–94.2) 0.112

GCC thickness

Average 99.1 (91.9–106.3) 101.5 (97.7–105.3) 98.7 (93.8–103.6) 0.405

GCC ganglion cell complex, MWA migraine with aura, MWOA migraine without aura, OCT optical coherence
tomography, RNFL retinal nerve fiber layer
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the need for higher oxygen and glucose that is then followed by
long-lasting hypoperfusion and impaired cerebrovascular reac-
tivity. In this study, a decrease in choriocapillaris flow in patients
with MWA may be due to the mechanism of CSD.

Few studies have evaluated the OCTA parameters of patients
with migraine. Chang et al. [8] found that migraine patients with
aura had a reduced vessel density of SCP and a superior
peripapillary capillary when compared with migraine patients
without aura. Foveal vessel densities of SCP and DCP were
significantly less in migraine patients with and without aura in
the study by Ulusoy et al. [9]. Our results were different from the
results of these two studies. We did not find any difference in
VDs of SCP and DCP. However, unlike other studies, we also
evaluated choriocapillaris flow, and we found a statistically bor-
derline significant decrease in choriocapillaris flow in migraine
patients with aura. Retinal and choroidal circulation differ ana-
tomically and functionally. One of the difference between these
circulations is the presence of autoregulation mechanisms. It is
known that there is an autoregulation mechanism in the retinal
circulation. The autoregulation mechanisms enable the vascular
bed to maintain a contant blood flow despite changes in perfu-
sion pressure. However, choroidal circulation is poorly
autoregulated, and it is affected by changes in blood flow and
perfusion [16]. In our study, as a result of autoregulation, no
change in vessel density was observed in SCP and DCP, which
are part of the retinal circulation. However, due to the absence of
autoregulatorymechanisms in the choroidal circulation, hypoper-
fusion and ischemic events in migraine with aura may have
resulted in a decrease in the choriocapillaris flow.

Previously, we demonstrated diffuse narrowing of retinal ves-
sels and a decrease in VDs of SCP, DCP and the radial
peripapillary capillary in a patient during the visual aura [17].
These findings were recovered three hours after the aura. In this
patient, these findings suggest that current autoregulatory mech-
anisms of retinal circulation may not be sufficient to prevent
hypoperfusion due to the CSD mechanism during the attack.
However, these autoregulatory mechanisms may provide conti-
nuity of retinal perfusion in periods without attack.

In previous studies regarding OCT findings in migraine pa-
tients, RNFL thickness, choroidal thickness and macular param-
eters such as ganglion cell layer (GCL) thickness and foveal
thickness were evaluated. The RNFL thickness in the migraine
patients was found to be thinner than that in the control groups
[18–21]. In these studies, it was suggested that posterior cerebral
hemisphere hypoperfusion occurs during the aura period, and
this hypoperfusion causes subclinical ischemic lesions and neu-
rodegenerative changes. Thinning in RNFL thickness may have
occurred secondary to neurodegenerative changes [22, 23].
However, there have been controversial results regarding macu-
lar parameter changes. Some studies indicated significant chang-
es in migraine patients [19, 20] and some found no change [24,
25]. Studies also evaluated the choroidal thickness and they
found that migraine patients with and without aura had

significantly lower choroidal thickness than healthy controls. In
addition, patients with aura had significantly lower choroidal
thickness than patients without aura [19, 20, 26, 27]. In our study,
we did not find any difference regarding RNFL and GCC thick-
ness between the three groups. Additionally, there was no differ-
ence between these groups in terms of VD of the SCP. As
known, the blood supply of the RNFL layer and GCC derives
from the SCP. No change in RNFL and GCC thickness is an
expected finding demonstrating that RNFL and GCC will retain
their physiological structure due to a similar blood supply.

There are some limitations of this study. One of them is the
small sample size. In addition, we did not evaluate MWA
patients during migraine aura. Since Optuvue OCT does not
have an Enhanced Depth Imaging (EDI) mode, we did not
evaluate the relationship between choroidal thicknesses and
choriocapillaris flow because the measurement of choroid
thickness would not be reliable. Further studies with larger
study groups and during the migraine attack are needed to
evaluate the vascular changes of these patients. Additionally,
the relationship between choriocapillaris flow and choroidal
thickness can be evaluated using EDI mode OCT and OCTA
imaging at the same time.

In conclusion, this study found a borderline significant de-
crease in choriocapillaris flow in migraine patients with aura.
This finding may be explained by the vascular autoregulatory
mechanisms of the eye. While vascular autoregulatory mech-
anisms of retina ensure constant vascular density in migraine
patients with aura, the absence of this mechanism in the
choriocapillaris may be a possible cause of the decrease in
choriocapillaris flow in these patients.
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