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Abstract Few studies have evaluated whether the retina is

involved in migraine through the evaluation of retinal

nerve fiber layer (RNFL) examined with ocular coherence

tomography (OCT) with conflicting results. Aim of this

case–control study is to evaluate the retina and the choroid

in migraine. Patients having migraine with aura (MwA) or

without aura (MoA) and chronic migraine (CM) were

evaluated. Age- and sex-matched normal subjects were

selected as healthy controls (HC). Patients and HC were

examined with OCT. RNFL, ganglion cell layer (GCL),

foveal thickness (FT), choroidal thickness (CT) and total

macular volume (TMV) were calculated for right eyes (RE)

and left eyes (LE). Seventy-seven patients (62 women;

80.5%), 21 MoA, 12 MwA, 44 CM and 42 HC were

enrolled in the study. Patients compared to HC had a sig-

nificant reduction of RNFL (RE: 91.2 ± 9.2 vs

99.3 ± 7.5 lm; p\ 0.001. LE: 93.3 ± 8.7 vs

100.2 ± 6.5 lm; p\ 0.001). GCL (RE: 80.6 ± 6.4 vs

86.9 ± 2.1 lm; p\ 0.0001. LE: 81.5 ± 5.7 vs

87.1 ± 2.6 lm; p\ 0.0001) and CT (RE: 286.4 ± 31.4 vs

333.2 ± 3.1 lm; p\ 0.0001. LE: 287.2 ± 31.6 vs

334.5 ± 4.1 lm; p\ 0.0001) were thinner in patients

compared to HC. Moreover, CM showed reduction of

RNFL and of GCL compared to the other migraineurs.

Finally, we found a significant inverse correlation between

RNFL thickness and total number of headache attacks per

months. Our data suggest the involvement of retina and

choroid in migraineurs, especially in the CM group.

Although migraine is an episodic and recurrent disease, its

chronic nature might cause permanent structural abnor-

malities involving not only the brain, but also the retina.
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Introduction

Migraine is a common disorder characterized by recurrent

attacks of headache associated with vegetative features

such as nausea or vomiting and hypersensitivity to sounds,

lights and smells. Migraine affects around 15% of general

population, representing the third most common disease

worldwide in both genders. Episodic migraine is divided

into two main subtypes: migraine with aura (MwA) and

migraine without aura (MoA) [1]. Besides episodic

migraine, chronic migraine (CM), definitely influences the

patient’s quality of life and represents a worldwide societal

burden [2]. The pathogenesis of migraine is still debated

among researchers, but the neurovascular system seems

mainly involved. Migraine episodes lead to the activation

of the trigeminal vascular system (TGVS) responsible for

regulating vascular tone and for the transmission of pain

signals [3]. The TGVS is composed of the trigeminal nerve

and the fibers which innervate both intra- and extra-

meningeal blood vessels and the brainstem [4]. Moreover,

the TGVS joins the extracranial tissues including the

structures of the eyes [5]. Phases of hypoperfusion and

hyperperfusion follow each other during headache,

involving not only the brain, but also other areas such as
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the retina [6, 7]. Although the vasospasm of cerebral and

retrobulbar blood vessels is a transient phenomenon, the

chronic nature of the disease might be a risk factor for

structural abnormalities of the brain and also of the retina

[6]. Retinal infarctions caused by retinal artery occlusions

have been reported in migraine [7, 8]. Several reports

suggest that vascular abnormalities such as vasospasm [9]

and ischemia, either chronic or intermittent, are possible

causes of optic nerve damage [6]. Alterations in quality of

perfusion in optic nerve head microcirculation or even in

the retina, may also lead to ganglion cell (GC) death in

patients with migraine. Whether similar changes take place

in the retina in MwA and MoA is debated in the literature

and few studies have addressed the issue with conflicting

results.

Optical coherence tomography (OCT) is a reliable and

reproducible technique allowing the retinal fiber nerve

layer (RNFL) thickness measurement [10, 11], used as an

index to assess ganglion cells layer (GCL) and RNFL

damages [12]. The aim of the present study is to evaluate

and to compare RNFL thickness in the prepapillary and

macular areas in the eyes of migraineurs’ patients (MwA,

MoA and CM) and age- and sex-matched healthy subjects

by OCT.

Materials and methods

Subjects

This observational and cross-sectional study screened

migraine patients, consecutively admitted to the Headache

Center of the University of Catania from September 1st

2014 to January 1st 2015, with diagnosis MwA, MoA or

CM according to the criteria of the International Classifi-

cation of Headache Disorders (ICHD-3 beta) [1]. All CM

patients have complained high frequency of headache

attacks at least since one year. As usual in our clinic, all

patients filled in a headache diary the number of days of

headache per month and the main characteristics of head-

ache attacks occurring during the previous 6 months. The

control group consisted of 44 age- and sex-matched healthy

controls (HC) consecutively recruited. HC experienced

fewer than three headaches in the past year and reported no

migraine history. All patients gave their consent to par-

ticipate in the study and local ethical committee approved

the study protocol. Migraineurs’ clinical features were

collected and symptomatic and prophylactic medications

were recorded. Patients treated with topiramate, beta-

blockers and calcium-antagonists were excluded for the

potential side effects of topiramate on optical nerve and for

the vasoactive mechanism of beta-blockers and calcium-

antagonists. Medications and migraine overuse headache

(MOH), when present, were recorded and the implications

were analyzed. All migraineurs were tested interictally.

Eyes with retinal and optic disc pathology, glaucoma,

dense cataract or corneal opacity, which did not consent to

OCT imaging and eyes previously subjected to intraocular

surgery or ocular laser treatment were excluded. Patients

with diabetes mellitus, hypertension, cardiovascular and

renal disease, history of central nervous system disorders

including brain tumors, infarction, encephalitis, epilepsy,

multiple sclerosis, head or eye trauma and any type of

headache except for migraine were not considered for

enrollment.

Ophthalmological evaluation

All the participants underwent a complete ocular exami-

nation including best corrected visual acuity testing with

Snellen charts, slit lamp biomicroscopy, dilated fundus

examination and intraocular pressure measurement. The

optic disc was considered normal when having a cup/disc

area ratio less or equal to 0.35.

OCT imaging

The OCT was performed with the Stratus OCT (model

Cyrrus 5000, Carl Zeiss Meditec, Dublin, CA, USA).

Average measurements of three sequential circular scans of

diameter 3.46 mm centered on the optic disc were recor-

ded. A single operator masked to the subject diagnosis

collected all measurements. Scans of the eyes were per-

formed with papillary dilatation under the same intensity of

dim room lighting. Only well focused and centered scans

with a signal strength of[7 were included. For each eye,

we studied the mean RNFL thickness, single quadrant

thickness, all automatically calculated by OCT using the

existing software. Peripapillary RNFL was acquired with

the optic disc cube 200 9 200 protocol that images the

optic disc in a 6 mm 9 6 mm region. The mean RNFL and

those from individual quadrants were obtained. We also

evaluated foveal thickness (FT) and macular volume (MV)

in all groups. Macular cube 512 9 128 and 5-line raster

scans were also performed. The macular cube 512 9 128

scan uses a raster scan mode that scans a 6 9 6-mm

macular area into 512 9 128 (length by width) points.

Macular GCL was obtained using the protocol that scans a

6 mm 9 6 mm area centered at the fovea. The GCL was

derived automatically by the machine software over an

elliptical annulus (2 mm 9 2.4 mm radius), excluding the

central foveal region (0.5 mm 9 0.6 mm radius). The

5-line raster scan comprises five 6-mm-long lines at

250-lm intervals. In both scans, only those cases with

signal intensity greater than or equal to 7 were included in

the study results. Layer segmentation of the OCT data was
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performed using a previously developed and validated

algorithm for detecting 8 layers within the macula. The

algorithm had three stages: preprocessing, pixel classifi-

cation and graph-based multilayer segmentation. Addi-

tionally, estimates of the inner and outer retinal boundaries

(inner limiting membrane and Bruch’s membrane) were

used to restrict the region of interest for the algorithm, as

well as to flatten the data to the Bruch’s membrane

boundary. Constraints were used to limit the minimum and

maximum distance between each boundary and to limit the

smoothness of the final segmentation. The choroidal

thickness (CT) was also measured by Enhanced Depth

Imaging using the spectral-domain OCT. Each section,

consisting of 30 average scans, was obtained in a

15� 9 30� rectangle centered at the macula. CT was

determined as the distance from the outer surface of the

hyperreflective line, referred to as the ‘‘retinal pigment

epithelium’’ layer, to the hyperreflective line of the inner

scleral border. CT was measured at the fovea, 1500 lm
nasal and 1500 lm temporal to the fovea in a horizontal

scan section. Quality control and APOSTEL recommen-

dations according to published criteria were used [13–15].

Statistical analysis

The numerical data sets were tested for normal distribution

with the Shapiro–Wilk test. For the purpose of statistical

analysis, both eyes retinal parameters were included in the

analysis [13, 15]. Two-sample t test was used to compare

RNFL thickness differences between the eyes of patients and

the eyes of HC. Categorical variables were analyzed using

the Chi-square test. The differences between the subgroups

were tested using ANOVA (Bonferroni, post hoc analysis)

and Kruskal/Wallis when appropriated. At the eye level,

each outcome variable (RNFL, retinal sectors analysis, MV,

FT, CT of both eye) was examined using generalized esti-

mating equation (GEE) models [16], which account for

within-subject correlation. Univariate GEE models between

each main variable and covariate were constructed for each

outcome. The considered covariates were: age, sex, number

of days of headache per month, aura, attack duration and age

at onset. Forward and backwardmethodologies were applied

to construct a finalmultivariate model for each outcomewith

p\ 0.2 at the univariate level being the criterion for being

introduced (forward modeling) or retained (backward mod-

eling) in the final multivariate model. The analysis was

adjusted for age and sex.

For correlation analysis, the Pearson correlation coeffi-

cient (r) was used. A probability value of 0.05 was con-

sidered indicative of statistical significance. Statistical

analysis was assessed using STATA 11 [17].

Results

Out of 81 subjects, a total of 77 patients who met the

inclusive/exclusive criteria were selected for the study.

Other four patients did not meet inclusion criteria and

were excluded from the study: they were on prophylactic

therapy (one patient with beta-blockers, one patient with

topiramate and two patients with calcium-antagonists).

Patients with migraine had characteristics similar to HC

for age (39.0 ± 10.4 vs 37.0 ± 7.8 years), sex distribu-

tion (women 80.5 vs 83%) and body mass index

(23.9 ± 3.2 vs 22.8 ± 2.3). Out of 77 patients, 33

patients had episodic migraine (12 with MoA, 21 with

MwA) and 44 had CM. Demographic features, frequency

and the main clinical characteristics of headache attacks,

obtained by the headache diaries, are shown in Table 1.

CM patients showed an older age at onset, respect to the

MwA subgroup. The mean of the days of headache per

month, considering the last 6 months, was significantly

higher in CM. The intensity of attacks was more severe in

the group of patients with episodic migraine (MwA and

MoA). Patients with episodic migraine complained more

frequently vegetative symptoms respect with CM patients

(Table 1). Eleven patients were on prophylactic therapy at

OCT evaluation; 8 were treated with amitriptyline and 3

with paroxetine. Forty-four patients were taking symp-

tomatic medication at the moment of headache attack. In

the CM group we had ten MOH patients: seven abused of

non-steroidal anti inflammatory drugs (NSAIDs) and three

of triptans. No differences were found between the three

subgroups in terms of ophthalmological examination data

and visual acuity.

The overall group of patients showed a thinner RNFL

compared to HC (Table 2); in particular nasal, temporal

and inferior quadrants showed significant reduction com-

pared to HC. Moreover, CGL and CT were thinner in the

eyes of migraineurs compared to HC. No significant dif-

ferences were found in retinal parameters between MoA

and MwA subgroups. The ANOVA analysis showed that

CM group had thinner RNFL and GCL compared to MwA

and MoA (Table 3).

We found a significant inverse correlation between

RNFL thickness in both eyes and number of days of

headache per month, considering the diaries of the pre-

vious 6 months (Fig. 1). The association still remained

significant in the full multivariate model, which adjusted

for all explored covariates with GEE analysis (Table 4).

No other associations were found even considering

symptomatic and prophylactic treatments and retinal

profile in migraineurs.
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Discussion

The present study showed that RNFL was significantly

thinner in migraineurs compared with HC, with an

involvement of nasal, temporal and inferior quadrants.

Moreover, CM patients presented a reduction of RNFL,

particularly evident in the superior and inferior sectors

compared to other migraineurs, and a thinner GCL. No

differences in retinal parameters between MwA and MoA

were found. Although a few studies have recently evalu-

ated whether the retina was involved in patients with

migraine using OCT, the results have not always been

consistent [18–26].

Some studies had previously claimed the issue of an

involvement of retina in migraine. Tan et al. [19] did not

report any statistically significant difference in RNFL

measurements between migraineurs and HC. In contrast,

Martinez et al. [21] reported that the RNFL thickness was

significantly reduced in the subjects with migraine when

compared to HC, although there were no differences

between migraineurs and HC in the RNFL thickness in the

superior and inferior areas. In another study, Martinez et al.

[22] found that the RNFL thickness in migraineurs was

similar to HC, with only a thinner temporal quadrant. The

RNFL thickness parameters correlated with the migraine

disability assessment score, number of attacks, and length

of migraine history, suggesting that the length of migraine

history critically influenced the RNFL thickness. Gipponi

et al. [23] found a significant thinning in the RNFL of the

upper quadrant, but found no differences in the foveal

thickness and macular volume in female patients with

migraine respect with healthy women. Differently from our

results, they found no correlation between reduction in

RNFL thickness and frequency of migraine attacks. They

proposed that the reduction in RNFL thickness was strictly

related to the presence of migraine itself [23]. In a recent

study, Yulek et al. [25] found no statistically significant

differences between HC and patients with migraine for the

retinal thickness in any of the quadrants. In this study, the

RNFL was significantly thinner in the migraineurs com-

pared to the HC, but the statistical analysis did not reveal

any significant differences among the MoA, MwA and HC.

Ekinci et al. found that the thinning of the RNFL and GCL

was detected only in the MwA group [27]. In our study we

found that GCL was thinner in migraineurs compared to

HC. Moreover, our data, differently from previous reports,

demonstrated the existence of a correlation between num-

ber of days of headache per month and the reduction of the

RNFL thickness in both eyes [22, 23]. In the study of

Kirbas et al. [24] the OCT was used to investigate the

RNFL thickness and macular changes in patients with CM.

The RNFL did not result thinner in patients with CM,

except for the superior quadrant, which was significantly

thinner in the CM patients respect to HC. In our study we

found that CM patients showed thinner RNFL compared to

MwA and MoA, and the analysis of single sectors showed

a reduction of superior and inferior sectors in CM com-

pared to MoA and MwA patients. Moreover, GCL was

Table 1 Clinical and

demographical characteristics of

migraine subgroups

MwA (n = 21) MoA (n = 12) CM (n = 44) p value

Women (%) 20 (95.2)*� 8 (66) 34 (77.3) \0.05

Age (years) 33.2 ± 10.9* 38.9 ± 10.8 41.8 ± 14.1 0.05

BMI (score) 24.3 ± 3.3 22.5 ± 2.8 24.8 ± 3.6 ns

Age at onset (years) 17.5 ± 7.0* 22.4 ± 8.8 26.6 ± 13.0 \0.01

Visual acuity (logMAR) -0.089 ± 0.93 -0.091 ± 0.92 -0.092 ± 0.91 ns

Attack duration (h)a 33.2 ± 28.0 28.1 ± 22.8 22.5 ± 18.0 ns

Days of headache per montha 4.1 ± 3.3* 3.2 ± 3.0* 19.2 ± 8.0 \0.001

Intensity of headachea

Mild, N of subjects (%) 1 (4.8) 0 (0) 2 (4.5) ns

Moderate, N of subjects (%) 11 (52.4) 5 (41.7) 33 (75) ns

Severe, N of subjects (%) 9 (42.9)* 7 (58.3)* 9 (20.4) \0.01

Nauseaa 20 (95.2)* 10 (83.3)* 28 (63.6) \0.05

Vomitinga 13 (61.9)* 8 (66.7)* 12 (27.3) \0.01

Photophobiaa 16 (76.2)* 10 (83.3)* 23 (52.3) \0.05

Phonophobiaa 16 (76.2) 8 (66.7) 25 (56.8) ns

Osmophobiaa 9 (42.9) 5 (41.7) 13 (29.5) ns

Data are given as mean values (SD)

MwA migraine with aura, MoA migraine without aura, CM chronic migraine, N number; BMI body mass

index, * versus CM, � versus MoA, ns not significant
a Data are related to the previous 6 months, on the basis of headache diary

J Neurol (2017) 264:494–502 497

123



thinner in CM group compared to MwA and to MoA

patients.

It is possible to speculate that the putative vascular

mechanism due to the TGVS activation, involved in the

migraine pathogenesis, could be linked to the structural

retinal changes. Indeed, as for the MRI structural brain

white matter lesions common in migraineurs [28–30]

whose pathogenetic and clinical meanings are still unclear

[28, 31]; the retinal structural changes found in migraine

could represent a specific marker of the disease. Different

pathophysiological mechanisms have been proposed to

explain MRI white matter lesions in migraine [32, 33], but

neuropathological data are lacking. Furthermore, several

questions remain unclear, including whether white matter

lesions accumulate over time, whether their presence

constitutes a risk for stroke or whether they have an impact

on cognitive functions in migraine patients [34]. These

lesions, even if are believed of being of ischemic origin, do

not seem to be associated with the frequency, the severity

and the therapy of migraine [29, 30].

On the contrary, in our study the frequency of attacks

seemed to affect the RNFL thickness in migraineurs and in

particular in CM patients, who definitively presented an

increased number of days of headache per month. These data

consent to speculate that the retinal changes in CM eyes are

linked to the number of headache episodes, indicating a pos-

sible role of vasospasm and ischemia in the retinal optical

nerve damages, as previously suggested [6, 7].Demircan et al.

found that the RNFL thickness for nasal sectors was signifi-

cantly thinner in the migraineurs’ eyes than in those of HC, as

was the choroid thickness at the fovea. However, the macular

thickness was not significantly different between the groups.

They concluded that migraine led to a reduction in the peri-

papillary RNFL thickness and to thinning in choroidal struc-

tures probably due to the chronic ischemic insult related to

Table 2 Retinal profile of migraine patients and healthy controls

Migraine (n = 77) Healthy controls (n = 42) p value

RNFL (lm)

RE 91.2 ± 9.2 99.3 ± 7.5 \0.001

LE 93.3 ± 8.7 100.2 ± 6.5 \0.001

Superior sector (lm)

RE 110.2 ± 15.0 114.9 ± 12.1 0.3

LE 110.6 ± 13.6 114.6 ± 13.0 0.2

Inferior sector (lm)

RE 118.3 ± 15.3 127.2 ± 15.1 \0.001

LE 117.8 ± 14.8 126.3 ± 12.3 \0.001

Nasal sector (lm)

RE 69.3 ± 12.1 80.3 ± 10.1 \0.0001

LE 68.2 ± 11.5 79.6 ± 8.4 \0.0001

Temporal sector (lm)

RE 63.9 ± 9.9 77.7 ± 10.2 \0.0001

LE 64.7 ± 11.2 76.6 ± 11.6 \0.0001

Macular volume (lm)

RE 10.2 ± 0.2 10.3 ± 0.3 0.5

LE 10.5 ± 0.3 10.5 ± 0.6 0.3

Foveal thickness (lm)

RE 259.3 ± 22.3 260.5 ± 21.5 0.8

LE 255.3 ± 22.6 257.0 ± 22.1 0.5

Ganglional cell layer (lm)

RE 80.6 ± 6.4 86.9 ± 2.1 \0.0001

LE 81.5 ± 5.7 87.1 ± 2.6 \0.0001

Choroid thickness (lm)

RE 286.4 ± 31.4 333.2 ± 3.1 \0.0001

LE 287.2 ± 31.6 334.5 ± 4.1 \0.0001

Data are given as mean values (SD)

RNFL retinal nerve fiber layer, RE right eye, LE left eye

Table 3 Comparison of the retinal profile in the migraine subgroups

MwA (n = 21) MoA (n = 12) CM (n = 44) p value

RNFL (lm)

RE 95.2 ± 10.5* 94.3 ± 10.6* 89.7 ± 6.9 \0.05

LE 94.6 ± 8.7* 94.1 ± 9.4* 88.6 ± 7.1 \0.05

Superior sector (lm)

RE 116.4 ± 14.8* 115.3 ± 14.7* 106.7 ± 13.8 0.06

LE 117.2 ± 14.3* 116.2 ± 13.7* 106.6 ± 13.7 0.05

Inferior sector (lm)

RE 124.2 ± 13.8* 122.5 ± 14.6* 114.7 ± 15.5 0.06

LE 125.2 ± 14.6* 123.0 ± 14.1* 115.6 ± 13.8 0.07

Nasal sector (lm)

RE 69.4 ± 12.6 68.9 ± 14.9 69.2 ± 12.5 ns

LE 68.7 ± 12.1 69.2 ± 14.3 69.4 ± 13.1 ns

Temporal sector (lm)

RE 63.3 ± 8.1 65.2 ± 12.3 63.6 ± 11.5 ns

LE 63.4 ± 8.2 65.4 ± 11.2 63.5 ± 10.2 ns

Macular volume (lm)

RE 10.1 ± 0.7 10.3 ± 0.5 10.5 ± 0.5 ns

LE 10.0 ± 0.6 10.4 ± 0.6 10.4 ± 0.7 ns

Foveal thickness (lm)

RE 261 ± 34.5* 273 ± 18.9* 254.7 ± 23.6 0.06

LE 260 ± 33.8* 272 ± 19.2* 255 ± 22.9 0.06

Ganglional cell layer (lm)

RE 81.8 ± 6.3* 83.2 ± 5.6* 78.4 ± 5.6 \0.05

LE 81.4 ± 6.1* 83.1 ± 6.1* 78.3 ± 5.1 \0.05

Choroid thickness (lm)

RE 289.5 ± 41.4 304.1 ± 37.0* 283.3 ± 25.8 0.08

LE 287.2 ± 44.3 303.5 ± 36.2* 282.7 ± 26.4 0.07

Data are given as mean values (SD)

MwA migraine with aura, MoA migraine without aura, CM chronic

migraine, RNFL retinal nerve fiber layer, RE right eye, LE left eye, *

vs CM, ns not significant
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migraine pathogenic mechanisms [26]. On these grounds, our

results may suggest that in the chronic form of migraine,

where the frequency of headache attacks is higher, structural

changes in the retina could be related to vasospam leading to

retina ischemia. Nevertheless this assumption remains to be

demonstrated, because reduced blood supply did not lead to

morphological or functional changes of the RNFL [35].

Another possible explanation that should be taken into

account is the effects of drugs used for migraine attacks.

Even if it is high speculative, it is not possible to rule

out a contribute of these drugs to the establishment of

the retinal damage, especially in case of medication

overuse [36]. Nevertheless, in our study nor the pro-

phylactic neither the symptomatic treatments seemed to

have any statistical correlation with RNFL reduction.

Moreover, it has been speculated that other treatments

could be related to retinal damage. Ewering et al. [37]

reported a bilateral temporal RNFL reduction in cluster

headache patients, hypothesizing a possible harmful role

of frequent oxygen inhalation. However, no definitive

conclusions could be drawn on the role of drugs used in

treatment of headache.

Fig. 1 Correlation between

retinal nerve fiber layer and the

mean of the number of days of

headache for month in the

previous 6 months. N number,

RNFL retinal nerve fiber layer
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This study has several limitations: first of all, this is a

retrospective single centre study, with a limited number of

patients and a possible recall bias due to analysis of

headache diaries. Another limitation of the study is the

possible influence of prophylactic and symptomatic treat-

ments on the retina, even if it seemed to have no statistical

correlation with RNFL reduction. We are aware that

excluding patients on prophylactic therapies with beta-

blockers, calcium-antagonists and topiramate could repre-

sent a bias of selection; however, we considered the

potential influence of these drugs on the retina vascular-

ization more consistent than the bias itself.

In conclusion our study, even with these limitations,

suggests that migraine may lead to reduction in the peri-

papillary RNFL thickness, in particular in the chronic form

of the disease characterized by high frequency of headache

attacks. Based on the theories that the etiology of optic

nerve damage in patients with migraine depends on vas-

cular abnormalities, such as vasospasm or focal ischemia

[7, 38, 39], our findings support the issue that a structural

retinal damage in migraine could be sustained by the

chronic nature of the disease based on the recurrence of

vasoactive events during the subsequent migraine attacks.

Further studies should evaluate the possible correlation

between brain white matter lesions at MRI and retinal

alterations at OCT in order to define if a common patho-

genetic mechanism exists.
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