
RESEARCH Open Access

Retinal nerve fiber layer and ganglion cell
layer changes using optical coherence
tomography in patients with chronic
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Abstract

Background: Migraine is a prevalent, chronic, and multifactorial neurovascular disease.

Objectives: Our work aimed to investigate if the retinal nerve fiber layer (RNFL) and ganglion cell layer (GCL)
thickness are affected in patients with chronic migraine to improve the understanding of the etiology and
pathophysiology of migraine.

Subjects and methods: A case-control study conducted on 30 patients with chronic migraine and 30 aged and sex-
matched healthy controls. Subjects underwent full neurological and ophthalmological history, ophthalmological
examination, and measuring RNFL and GCL thickness using the spectral domain-optical coherence tomography (SD-OCT).

Results: RNFL thinning (average, superior, inferior, nasal, and temporal) was significantly more in patients with chronic
migraine than healthy control (P = 0.001, 0.022, 0.045, 0.034, and 0.001, respectively). No statistically significant difference
was found between chronic migraine patients and healthy controls regarding GCL thickness (average, superior, and
inferior) (P value ˃ 0.05).
The average RNFL thickness was significantly thinner in migraine with aura (MwA) than migraine without aura (MwoA) (P
= 0.006). The average GCL thickness was thinner in MwA than MwoA (P = 0.039). No statistically significant difference was
found between the eyes on the side of the headache and the eyes of the contralateral side regarding RNFL and GCL
thickness (P value ˃ 0.05). Age at onset, disease duration, headache frequency, and headache intensity showed an
insignificant correlation with OCT parameters.

Conclusion: Retinal changes could be an association with chronic migraine that may be used as a biomarker.
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Introduction
Migraine is a highly prevalent neurological disease that af-
fects about 15% of the general population [1]. It is the
sixth highest cause of disability worldwide [2]. It is charac-
terized by moderate to severe recurrent episodes of unilat-
eral, throbbing, or pulsating headache that may be
associated with nausea, vomiting, phonophobia, and/or

photophobia [3, 4]. Clinically, migraine is divided into two
main subtypes: migraine with aura (MwA or classic mi-
graine) and migraine without aura (MwoA or common
migraine) [5]. It is estimated that MwA affects 10 to 30%
of migraine patients; the aura symptoms appear shortly
before or during the development of migraine headaches
or no headache may follow [6]. Aura develops over 5 to
20min and lasts less than an hour. The most common
aura symptoms involve the vision, with hallucination/
illusion of bright flashing lights and temporary blindness.
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Chronic migraine is one of the chronic daily headaches.
It is defined as more than fifteen headache days per month
over 3 months of which more than eight are migrainous,
in the absence of medication overuse, whereas episodic
migraine is defined as up to fourteen headache days per
month. Chronic migraine affects less than 1% of the popu-
lation [7]. Its impact can be disabling and the World
Health Organization has categorized it as the same disabil-
ity as dementia and quadriplegia and it is more disabling
than blindness and paraplegia [8].
Despite the underlying pathophysiology of migraine is not

fully established and many theories have been suggested [9],
the neurovascular theory remains one of the most significant
mechanisms involved in the pathogenesis of migraine.
Neural, vascular, and inflammatory events in migraine head-
aches are initiated by the activation and sensitization of the
trigeminovascular system (TGVS) [10, 11] which consists of
the trigeminal nerve fibers that innervate the extracranial
and intracranial meningeal blood vessels and ocular struc-
tures [12]. The activation of the TGVS inspires the release of
vasoactive neurotransmitters from peripheral endings of the
trigeminal nerve, resulting in the associated vascular and in-
flammatory changes that causing pain [10, 13]. Although the
temporary cerebral vasospasm that occurs before or during
pain leads to a reduction in cerebral blood flow which is lim-
ited to the posterior part of one hemisphere, it ends in cere-
bral hypoperfusion which may involve other areas outside
the brain, such as the retina [14]. Despite the arterial vaso-
spasm is a transient phenomenon, the chronic nature of the
migraine may lead to permanent structural changes in the
brain and retina as permanent ganglion cell damage [14, 15].
Furthermore, migraine is a well-known risk factor for

ischemic optic neuropathy and normal-tension glaucoma
(NTG) because of the retinal ischemia which arises from
retinal artery occlusion [15].
The anatomical structure of the retina is considered to

be an extension of the brain. The retinal nerve fiber
layer (RNFL) is similar to the gray matter of the brain,
and its thickness changes are simply due to axonal dam-
age. From this point of view, the retina is considered to
be an easily accessible window into the brain.
Optical coherence tomography (OCT) is a noninvasive

imaging procedure that gives high-resolution, cross-
sectional images of the RNFL, ganglion cell layer (GCL),
and the optic nerve head [16].
Our study aimed to investigate if the RNFL thickness

and GCL thickness are affected in patients with chronic
migraine to improve the understanding of the etiology
and pathophysiology of migraine.

Subjects and methods
This cross-sectional case-control study was conducted
on 30 Egyptian patients with chronic migraine [fifteen
with aura (MwA), and fifteen without aura (MwoA)]. All

the patients met the migraine diagnostic criteria of the
headache classification committee of the international
headache society, 3rd edition (beta version) [5]. Patients
were recruited from headache outpatient clinic of Kasr
Al- Ainy Hospitals, Cairo University, from August 2018
to February 2019.
We excluded patients who are smokers, diabetic,

hypertensive, dyslipidemic, with chronic renal, hepatic
disease, or cardiovascular disease, patients with a history
of collagen vascular diseases. Also, patients with a his-
tory of central nervous system disorders such as brain
tumors, infarction, multiple sclerosis, patients with glau-
coma, eye trauma, diabetic neuropathy, dense cataract,
corneal opacity, uncorrected refractive error, and history
of ocular surgery were excluded.
Thirty healthy controls, with no history of ocular or

neurological disease, were recruited from the family
members of the patients.
The study was approved by the local ethical committee

of the Faculty of Medicine, Cairo University (according
to the WMA Declaration of Helsinki), and all the partic-
ipants gave their informed consent.
The patients were subjected to full neurological history

and examination with special emphasis on disease dur-
ation, frequency of migraine (attacks per month), dur-
ation of migraine headache with and without
medications, the severity of the migraine attack (using
Numeric Pain Rating Scale) [17], location, character of
migraine headache and relation to sleep, associated
symptoms, aura symptoms, precipitating and aggravat-
ing, and relieving factors.
Full ophthalmological examination of each eye includ-

ing best-corrected visual acuity (BCVA) testing using
Snellen’s charts, visual fields by confrontation, slit lamp
examination, intraocular pressure measurement with to-
nometry, and fundus examination was performed for all
participants.
Spectral-domain optical coherence tomography was

performed using the Optovue RTVue XR Avanti ™
(Optovu, inc. Fremont, CA, USA) at the laser unit of the
Kasr Alainy Hospitals. The optic disk map was used to
estimate the average thickness of peripapillary RNFL and
the thickness in the superior, inferior, nasal, and tem-
poral quadrants. The macular map protocol was used to
measure the GCL thickness, and it was divided into su-
perior and inferior hemispheres. All scans were carried
out with ambient lighting and without pupil dilation to
ensure patient comfort. Both eyes were examined in all
participants and the procedure was completed in about
10 min.

Statistical analysis
Statistical calculations were done using computer pro-
grams SPSS (Statistical Package for the Social Science;
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SPSS Inc., Chicago, IL, USA) version 19 for Microsoft
Windows. Data were expressed as mean ± stander devi-
ation (SD) for the parametric variables and as number
and percent for the non-parametric variable. A compari-
son between groups for parametric data was done by in-
dependent samples t test (unpaired t test). Chi-square
(X2) test was used to compare qualitative variables. Pear-
son and Spearman correlation coefficients (r) were cal-
culated for the detection of parametric and non-
parametric correlations, respectively. The difference was
expressed as a probability of value (P value). The differ-
ence was considered significant if P < 0.05.

Results
Thirty migraineurs were included in the study; 25
women, 5 men, mean age 30.6 ± 6.7 years, range 18–49
years; mean disease duration 9.23 ± 5.12 years, range 2–
20 years; the mean number of attacks per month 9.4 ±
2.465, range 5–14. The duration of the migraine attack
without acute medications ranged from 4 to 72 h with a
mean of 30.53 ± 18.47.
Fifteen patients had a migraine with aura (50%); 12 pa-

tients had visual aura (80%); 2 patients (13%) had mixed
auras and visual and sensory auras; and 1 patient had
retinal aura (7%).
Regarding migraine headache intensity, the Numeric

Rating Scale (NRS) ranged from 5 to 10 with a mean of
7.37 ± 1.089.
Eight patients (26.7%) had their migraine headache at-

tacks on the right side. Seven patients (23.3%) had their
migraine headache attacks on the left side while fifteen
patients (50%) had their migraine headache attacks on
both sides.
RNFL was significantly thinner in patients compared

to healthy controls while no significant difference was
found between the GCL layer of patients and healthy
controls, as shown in Table 1.
RNFL was significantly thinner in the inferior and

nasal quadrants in the patients with MwA than the

patients with MwoA, and there was a significant GCL
thinning of the superior half in patients with MwA, as
shown in Table 2.
RNFL and GCL thickness were not statistically differ-

ent between the eyes on the side of the headache and
the eyes on the contralateral side, as shown in Table 3.
No significant correlation was detected between OCT

parameters with age, headache duration, headache fre-
quency, and headache intensity, as shown in Table 4.

Discussion
Our study aimed to investigate if the RNFL thickness
and GCL thickness are affected in patients with a
chronic migraine that may improve the understanding of
the etiology and pathophysiology of migraine.
In our study, the average RNFL thickness and the

RNFL thickness of all quadrants (superior, inferior,
nasal, and temporal) were significantly thinner in the
chronic migraine patients, either with or without aura,
than the healthy controls. The diminished RNFL thick-
ness means a reduction in the number of axons in mi-
graine patients. Our results come in agreement with
different previous studies [18–20]. Other studies have
demonstrated only RNFL thinning in a specific quadrant;
Colak and colleagues [21] reported RNFL thinning in
the superior and inferior quadrants, while Martinez and
colleagues [22] reported significant decreased RNFL
thickness in the temporal quadrant only. Some studies
have observed that RNFL thickness was thin in the nasal
quadrant only [23, 24] and others have reported RNFL
thinning in the superior quadrant [25, 26]. The selective
RNFL involvement was attributed to the differences in
the vulnerability of the axons to retinal ischemia [27].
On the other hand, Simsek and coworkers [14] re-

ported that no significant difference in the average RNFL
thickness or any of the quadrants in migraine patients,
with or without aura, and healthy controls except for the
nasal quadrant of the right eye, which had a significantly
higher value. Also, two previous studies found [16, 28]

Table 1 Comparison of OCT parameters between patients with migraine and healthy controls

OCT parameters Migraine patients, N = (60 eyes) Healthy controls, N = (60 eyes) P value

Mean ± SD Mean ± SD

AVR-RNFL (um) 103.7 ± 7.157 112.85 ± 5.960 < 0.001*

SUP-RNFL(μm) 125.75 ± 10.088 131.35 ± 19.673 0.022*

INF-RNFL(μm) 129.68 ± 13.363 136.20 ± 19.230 0.045*

NAS-RNFL(μm) 80.27 ± 8.481 90.48 ± 6.008 0.034*

TEMP-RNFL(μm) 77.68 ± 8.584 93.38 ± 7.863 < 0.001*

AVR-GCL(μm) 98.95 ± 5.350 100.52 ± 8.955 0.247

SUP-GCL(μm) 98.65 ± 5.065 98.65 ± 8.346 1.000

INF-GCL(μm) 99.17 ± 5.708 97.28 ± 7.355 0.119

AVR average, GCL ganglion cell layer, INF inferior, NAS nasal, OCT optical coherence tomography, RNFL retinal nerve fiber layer, SUP superior, TEMP temporal
*Significant P value ˂ 0.05
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no statistically significant differences in the retinal thick-
ness between migraine patients and healthy control were
found. Finding no significant difference in RNFL may be
due to short mean disease duration or low numbers of
migraine attacks in those studies [16].
Regarding the GCL thickness, in our study, we found

no statistically significant difference between the GCL
thickness in migraine patients and healthy control. This
goes in agreement with a few earlier reports [21, 29].
However, several studies showed the opposite of what
we found [16, 19, 30]; Abdellatif and Fouad [15] re-
ported that the superior and inferior GCL thicknesses
were significantly diminished in patients with migraine,
either MwA or MwoA, compared to healthy controls.
Reggio and colleagues [19] hypothesized that the alter-
ation in the blood supply to the anterior optic nerve
head results in an oligemic-hypoxic insult that contrib-
utes to ganglion cell damage [19].

We further analyzed the patients with migraine into
subgroups: MwA and MwoA; in which we found a sig-
nificant thinning of the average, inferior, and nasal quad-
rants of RNFL thickness in patients with MwA than
patients with MwoA.
Our study results are in agreement with a study

achieved by Ao and coworkers, who reported a signifi-
cant reduction in the RNFL thickness of the nasal and
inferior quadrants in patients with MwA compared to
MwoA [24]. Also, the study of Tunç and colleagues
showed a significant reduction in the RNFL thickness of
the average and superior quadrants between MwA and
MwoA [29]. The study of Ekinci and coworkers found
non-significant more thinning of the RNFL in patients
with MwA than patients with MwoA [30].
During the aura of migraine, the posterior part of the

cerebral hemisphere shows cerebral hypoperfusion
which can explain the more RNFL thinning in MwA
compared to MwoA [22]. However, some studies found
no significant difference in the RNFL thickness between
patients with MwA and MwoA [14, 19, 31].
Regarding the GCL thickness between the migraine

subgroups; MwA and MwoA, our study found that the
GCL thickness was thinner in patients with MwA than
in patients with MwoA. There was a statistically signifi-
cant difference in the average and superior half GCL
thickness between patients with MwA and patients with
MwoA. Our results were in agreement with previous
studies [19, 26, 30]. On the other hand, it was found no
significant difference in the GCL thickness between pa-
tients with MwA and patients with MwoA [20, 21].
As migraine patients experience headaches almost on

the one side, we studied the ipsilateral involvement of
the RNFL and we found no significant difference in
RNFL thickness between the eyes on the side of the
headache and the eyes on the contralateral side. Our
finding goes in concordant with the study of Gunes and
colleagues [27] which had investigated the association
between laterality of migraine and RNFL thickness

Table 2 Comparison of the OCT parameters between patients
with MwA and MwoA

OCT parameters MwA, N = (30 eyes) MwoA, N = (30 eyes) P
valueMean ± SD Mean ± SD

AVR-RNFL (um) 101.23 + 6.468 106.20 + 7.044 0.006*

SUP-RNFL(μm) 123.37 + 9.205 127.77 + 10.598 0.091

INF-RNFL(μm) 125.80 + 13.045 133.57 + 13.302 0.026*

NAS-RNFL(μm) 78.07 + 6.395 82.47 + 9.769 0.043*

TEMP-RNFL(μm) 76.03 + 7.618 79.33 + 9.286 0.138

AVR-GCL(μm) 97.53 + 5.224 100.37 + 5.176 0.039*

SUP-GCL(μm) 96.93 + 4.899 100.37 + 4.701 0.008*

INF-GCL(μm) 98.27 + 5.723 100.07 + 5.644 0.225

AVR average, GCL ganglion cell layer, INF inferior, MwA migraine with aura,
MwoA migraine without aura, NAS nasal, OCT optical coherence tomography,
RNFL retinal nerve fiber layer, SUP superior, TEMP temporal
*Significant P value ˂ 0.05

Table 3 Comparison between the OCT parameters in the
ipsilateral eyes and the contralateral eyes

OCT parameters Ipsilateral eye
(15 eyes)

Contralateral eye
(15 eyes)

P value

Mean ± SD Mean ± SD

AVR- RNFL (um) 104.27 ± 5.934 105.40± 6.780 0.873

SUP- RNFL(μm) 126.67 ± 8.780 129.20 ± 7.966 0.877

INF- RNFL(μm) 126.93 ± 13.714 130.13 ± 11.825 0.867

NAS-RNFL(μm) 80.60 ± 10.190 81.93 ± 8.075 0.888

TEMP-RNFL(μm) 78.07 ± 11.310 79.87 ± 8.935 0.853

AVR- GCL(μm) 100.46 ± 6.13 99.93 ± 5.70 0.792

SUP- GCL(μm) 100.33 ± 5.67 99.93 ± 5.18 0.759

INF- GCL(μm) 100.33 ± 6.78 99.73 ± 6.07 0.723

AVR average, GCL ganglion cell layer, INF inferior, NAS nasal, OCT optical
coherence tomography, RNFL retinal nerve fiber layer, SUP superior,
TEMP temporal

Table 4 Correlation between OCT parameters with age, disease
duration, headache frequency, and headache intensity

Variables Correlation coefficient P value

RNFL Age − 0.138 0.295

Disease duration − 0.143 0.276

Frequency 0.161 0.218

Intensity − 0.019 0.885

GCL Age − 0.120 0.361

Disease duration − 0.219 0.092

Frequency 0.210 0.108

Intensity − 0.113 0.389

GCL ganglion cell layer, OCT optical coherence tomography, RNFL retinal nerve
fiber layer
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headache side, and they found more thinning of RNFL
on the same side of the headache and the asymmetry
was not statistically significant [27]. Such thinning of
RNFL on the headache side could be attributed to the
chronic course of migraine with periodic reduction of
the blood flow on the ipsilateral hemisphere during the
attacks that could lead to permanent cerebral and retinal
damage [32].
In agreement with previous studies, our results showed

no significant correlation between the average RNFL or
the average GCL thicknesses and the duration of the mi-
graine, the attack frequency, or the severity of the mi-
graine [14, 16, 26, 27].
Theoretically, migraine with long disease duration,

higher frequency of attacks, or severe attacks might
cause more damage to the RNFL and GCL thickness. In
such a manner, Abdellatif and Fouad found that the dur-
ation of migraine was negatively correlated with superior
and inferior RNFL and GCL, while the severity of mi-
graine showed a significant negative correlation with in-
ferior and temporal RNFL and the superior and inferior
GCL [20]. Also, Martinez and colleagues reported a
similar negative correlation between the severity and
duration of migraine and RNFL thickness [22].
The disparity between the results of the current study

and previous studies may be attributed to differences in
methodology and sample size, mean age of the popula-
tion, ethnic variations, and the absence of standardized
migraine characteristics, including length of migraine
history, severity, and frequency of attacks.

Conclusion
Migraine with both types (MwA and MwoA) could re-
duce the RNFL and GCL thicknesses. The axonal loss
requires oversight on testing the RNFL thickness in mi-
graine patients. Further researches may deduct the im-
portance of OCT findings as an investigative surrogate
for migraine.
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