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Is Retinal Nerve Fiber Layer Thickness Change Related to Headache
Lateralization in Migraine?
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Purpose: To evaluate retinal nerve fiber layer (RNFL) thickness in migraine patients with unilateral headache.

Methods: A total of 58 patients diagnosed with migraine headache consistently occurring on the same side and
58 age- and sex-matched healthy subjects were evaluated in this cross-sectional study. RNFL thickness was
measured using spectral-domain optical coherence tomography, and the side with the headache was com-
pared with the contralateral side as well as with the results of healthy subjects.

Results: The mean patient age was 33.05 + 8.83 years, and that of the healthy subjects was 31.44 + 8.64 years
(p = 0.32). The mean duration of disease was 10.29 + 9.03 years. The average and nasal RNFL thicknesses
were significantly thinner on the side of headache and on the contralateral side compared to control eyes (p
< 0.05, for all). Thinning was higher on the side of the headache compared to the contralateral side; however,

this difference was not statistically significant.

Conclusions: The RNFL thicknesses were thinner on the side of the headache compared to the contralateral
side in the migraine patients with unilateral headache, but this difference was not statistically significant.
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Migraine is a common neurological disorder with epi-
sodic headaches and is most common in females between
the ages of 20 and 45 years [1,2]. One of the typical criteria
for migraine is a unilateral character of the headache,
which is more common than the bilateral type [3-5].

The pathophysiology of migraine is not clearly under-
stood [6]. The complex pathophysiology of the disease en-
tails proposed vascular and neuronal mechanisms [7]. Cor-
tical spreading depression, first described by Leao [8], is a
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key event characterized by dramatic changes in cortical
potentials, significant transient increases in extracellular
ions and neurotransmitters, and transient increases in cor-
tical blood flow followed by sustained flow decreases [9].
This focal regional cerebral blood flow decrease, reported
especially in migraine with aura, begins in the posterior
circulation [10]. Reduced blood flow and vasospasm are
usually limited to one hemisphere [11]. Rarely, hypoperfu-
sion originates from other regions of the brain or even the
retina and might also result in retinal infarction due to ret-
inal artery occlusion [12,13]. Although vasospasm of cere-
bral and retinal blood vessels is transient, recurrent mi-
graine attacks can cause permanent structural changes in
the retina.

Optical cohorence tomography (OCT) is a non-invasive

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses
/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

134



and objective cross-sectional imaging technique that pro-
vides quantitative in vivo information about the retinal
nerve fiber layer (RNFL) [14]. This measurement sensitive-
ly evaluates ganglion cell and retinal nerve fiber damage.
Several studies have evaluated RNFL thickness in mi-
graine patients using OCT [15-21]. However, there has been
no study evaluating the relationship between RNFL thick-
ness and headache lateralization in migraine patients.

Therefore, the aim of the present study was to evaluate
RNFL thickness on the side of the headache and the con-
tralateral side of migraine patients who experience head-
aches that are almost always on the same side and to com-
pare migraine patients with healthy subjects.

Materials and Methods

The study was an observational, cross-sectional case se-
ries that included 58 consecutive patients diagnosed with
migraine headaches consistently located on the same side
and 58 age- and sex-matched healthy subjects. All partici-
pants were Caucasian. The study was approved by the Sii-
leyman Demirel University Department of Medical Sci-
ences ethics committee and was performed according to
the tenets of the Declaration of Helsinki.

All participants were aged between 18 years and 45
years. Patients with glaucoma, intraocular pressure higher
than 21 mmHg, refractive error greater than +3 spherical
diopters, optic neuropathy, optic disc anomaly, cataract,
vitreo-retinal diseases, history of ocular trauma, ocular
surgery or ocular laser, diabetes mellitus, hypertension,
hyperlipidemia, cardiovascular or renal disease, history of
central nervous system disorders including epilepsy, en-
cephalitis, brain tumors, infarction, head trauma, any type
of headache except for migraine, and users of drugs, alco-
hol, and cigarettes were excluded from the study. All mea-
surements were performed during attack-free periods in
migraine patients.

A detailed neurological examination was performed for
each patient. Migraine was diagnosed according to the
International Classification of Headache Disorder second
edition [3]. The migraine patients with headaches that con-
sistently occur on the same side were included in the study.
Clinical and demographic characteristics of the patients
were noted and included gender, age, migraine variables
such as severity of headache, duration of headache, dura-

A Gunes, et al. Is RNFL Related to Headache Lateralization in Migraine?

tion of attack, side of headache, and frequency of attacks.
The severity of headache was assessed by the Migraine
Disability Assessment questionnaire that evaluates head-
ache-related disability [22].

Detailed ophthalmological examinations were performed
containing spherical equivalent, best-corrected visual acui-
ty, slit lamp biomicroscopy, intraocular pressure with
Goldmann applanation tonometry, central corneal thick-
ness, anterior chamber depth, and axial length (PacScan
300AP, Biometric/Pachymeter; Sonomed, New York, NY,
USA). RNFL thickness measurements were performed us-
ing spectral-domain OCT (Spectral OCT SLO; OPKO/OTI
Instrumentation, Miami, FL, USA). Average, temporal,
nasal, inferior, and superior quadrant peripapillary RNFL
thicknesses were recorded. Both eyes of migraine patients
and the right eyes of the control group were included in
this study. The findings in the migraine group were com-
pared with the findings in healthy subjects. Additionally, in
migraine patients, the mean RNFL thicknesses were com-
pared between the side of headache and the contralateral
side.

SPSS ver. 15.0 (SPSS Inc., Chicago, IL, USA) was used
to analyze data. The normality of distribution for continu-
ous variables was tested with the Kolmogorov-Smirnov
test. Categorical variables were shown as frequency and
percentages. For the comparisons of parametric data of
two groups, Student’s #-test was used for parametric vari-
ables and Mann-Whitney U-test was used for non-para-
metric variables. Categorical variables were compared be-
tween the groups by the chi-square test. Pearson’s
correlation was used to determine the strength of the rela-
tionship between the variables. Comparisons of parametric
data of the three groups were performed with one-way
ANOVA testing. Levene’s test was used to determine ho-
mogeneity of variances and in case of homogeneity of
variance, post hoc Tukey’s test was used. Data were pre-
sented as mean + standard deviation. A p-value less than
0.05 was considered to be significant.

Results

The demographic and clinical characteristics of all sub-
jects are summarized in Table 1. There were no statistically
significant differences between the migraine patients and
healthy subjects in terms of age, sex, visual acuity, spheri-
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cal equivalent, intraocular pressure, axial length, anterior
chamber depth, and central corneal thickness. The mean
age of the patients and controls were 33.05 + 8.83 years and
31.44 + 8.64 years, respectively (p = 0.32).

The mean RNFL thicknesses in each quadrant of the
migraine and control groups are given in Table 2. In mi-

Table 1. Demographic and clinical characteristics in migraine
patients and healthy controls

Migraine Control

(n=58) ey  OEmE
Age (yr) 33.05+883 31.44+864 032
Female 50 (86.2) 48 (82.7)  0.617
SE (diopter) -0.72+1.48 -057+1.29 043
BCVA (IogMAR) 0.01£0.13  0.00+0.00 0.17*
IOP (mmHg) 1513+3.11 14.83+3.14 045
Axial length (mm) 2293+2.08 23.33+086 0.05°
ACD (mm) 339+031  343+037 036
CCT (um) 541 + 36 547 + 39 0.24"
Migraine with aura 21(36.2) - -

Headache duration (yr) 10.29 +9.03 - -

Attack frequency 4.36 £2.39 - -
(mon)

Attack duration (hr) 32.06 £21.02 - -

Headache severity 16.86 £10.23 - -
(MIDAS)

Headache side (right) 28 (48.2) - -

Values are presented as mean + SD or number (%).

SE = spherical equivalent; BCVA = best-corrected visual acuity;
logMAR = logarithm of the minimal angle of resolution; IOP
= intraocular pressure; ACD = anterior chamber depth; CCT =
central corneal thickness; MIDAS = Migraine Disability Assess-
ment. )

“Independent r-test; 'Chi-square test; ‘Mann-Whitney U-test.

Table 2. Comparison of the RNFL thickness in migraine pa-
tients and controls

RNFL thickness

parameters Migraine Control p-value’
Average 102.4+10.3 108.1 £8.9 <0.001
Temporal 782+ 13.6 81.3+20.2 0.17
Superior 1248 £15.9 128.5+18.2 0.09
Nasal 80.0+16.9 93.9+182 <0.001
Inferior 126.5+16.0 129.0 £22.3 0.34

Values are presented as mean + SD.
RNFL = retinal nerve fiber layer.
Independent -test.
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graine patients, the average and nasal RNFL thicknesses
were significantly thinner compared to healthy subjects
(102.4 and 80.0 um vs. 108.1 and 93.9 pum, respectively).
The mean RNFL thicknesses on the two sides of migraine
patients and healthy subjects are given in Table 3. The av-
erage and nasal RNFL thicknesses in both sides of the mi-
graine patients were significantly thinner compared to the
controls (p < 0.05, for all). In migraine patients, RNFL
thicknesses were thinner on the side of headache than the
contralateral side, but this difference was not statistically
significant (Table 3).

The correlations between RNFL thicknesses and mi-
graine headache variables are shown in Table 4. Two sig-
nificant correlations were found between the duration of
headache and superior RNFL thickness (r = -0.21, p = 0.02)
and frequency of attacks and temporal-RNFL thickness (r
=-0.19, p = 0.03). We also observed no significant differ-
ences in RNFL thicknesses between patients with aura and
without aura (Table 5).

Discussion

In the present study, we evaluated the RNFL thickness
on the headache side and contralateral side of headache in
migraine patients with unilateral headache. We observed
that RNFL thicknesses were significantly thinner bilateral-
ly in migraine patients compared to healthy subjects. Al-
though, this thinning was higher on the side of the head-
ache compared to the contralateral side, this difference
was not statistically significant.

RNFL thinning was previously shown in migraine pa-
tients using OCT [16-21]. However, to our knowledge, this
is the first study to investigate the relationship between
migraine headache lateralization and RNFL thickness in
migraine patients with unilateral headache.

Migraine is a common, chronic neurological disorder
characterized by episodic headaches of unknown patho-
physiology [1,6]. There are several theories with regards to
the etiology of optic nerve damage in migraine patients in-
cluding vascular abnormalities such as vasospasm or focal
ischemia [15]. Supporting this hypothesis, Kara et al. [23]
reported that arterial vessel resistances in central retinal
artery and posterior ciliary artery were higher in migraine
patients in periods with no headaches using color Doppler
sonography.
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Table 3. RNFL thickness in eyes of patients with migraine and control eyes

RNFL thickness Headache side eye

Contralateral side eye

Control eye

parameters (n = 58) (n = 58) (n = 58) P
Average 100.5 + 10.1 104.3 +10.2 108.1 + 8.9 <0001",<0001%, 0.037%, 0.125°
Temporal 76.7+12.9 79.6 + 14.2 81.3+20.2 0.262°,0.2317, 0.819%, 0.642°
Superior 1229+ 15.7 126.7 £ 16.0 128.5+18.2 0.1247,0.102%, 0.785%, 0.453"
Nasal 78.0 £ 16.1 81.9+17.7 93.9+18.2 <0.0017,<0001", <0001%, 0.448°
Inferior 1243 +16.7 128.7+15.2 129.0+22.3 0.304",0.303", 0.997%, 0.442°

Values are presented as mean + SD.
RNFL = retinal nerve fiber layer.

“One-way analysis of variance; +Compa_rison between control eyes and ipsilateral eyes by post hoc test; ‘Comparison between control eyes
and contralateral eyes by post hoc test; ‘Comparison between ipsilateral eyes and contralateral eyes by post hoc test.

Table 4. The correlations between the retinal nerve fiber layer thickness and migraine headache variables

RNFL average RNFL temporal RNFL superior RNFL nasal RNFL inferior

r p-value r p-value r p-value r p-value r p-value
Duration of headache (yr) -0.14 0.13 -0.15 0.10 -0.21 0.02 -0.03 0.67 -0.05 0.56
Frequency of attacks (mon) -0.10 0.27 -0.19 0.03 -0.05 0.53 -0.03 0.75 -0.11 0.20
Duration of attack (hr) -0.09 0.31 -0.07 0.39 -0.10 0.27 -0.14 0.12 -0.11 0.21
Severity of headache (MIDAS) -0.08 0.38 -0.05 0.58 -0.01 0.87 -0.01 0.86 0.16 0.07

RNFL = retinal nerve fiber layer; MIDAS = Migraine Disability Assessment.

Table 5. The RNFL thickness in migraine subgroups

RNFL Migraine with aura Migraine without

thickness n=21) aura(n=37) 7 ~value’
Average 101.7 £10.4 103.5+10.0 0.38
Temporal 78.0 £ 14.9 78.4+11.0 0.90
Superior 1239+ 16.4 126.3 £ 15.1 0.44
Nasal 79.4 £ 16.5 80.9+17.9 0.64
Inferior 125.4 £16.6 128.6 £15.0 0.30

Values are presented as mean + SD.
RNFL = retinal nerve fiber layer.
Independent #-test.

Tan et al. [15] evaluated RNFL thickness in patients with
migraine using a scanning laser polarimetry. The research-
ers reported that there was no differences in RNFL thick-
ness in migraine patients compared to healthy subjects.
Several studies have also evaluated RNFL in migraine pa-
tients by OCT [16-21], which is a more advanced application
of RNFL evaluation and produces higher resolution images
[14]. Martinez et al. [16] used OCT to measure the RNFL
and reported reduced RNFL thickness in the temporal
quadrant in migraine patients. Also, different results have
been reported in other studies [17-21]. Sorkhabi et al. [17]

detected a significant thinning in the nasal quadrant-RN-
FL in migraine patients. Gipponi et al. [18] and Kirbas et
al. [20] found a significant thinning in the superior quad-
rant RNFL in migraine patients. Another study reported
that only the average RNFL thickness was significantly
thinner in migraine patients [19]. These distinct results
may be explained with the use of different methods and
sample sizes, racial differences, and the lack of standard-
ized patients in terms of migraine variables such as severi-
ty of headache, duration of headache, duration of attack,
and frequency of attacks. Ekinci et al. [21] evaluated sub-
groups of migraine with aura and without aura. The re-
searchers reported a significant thinning of RNFL in all
quadrants in migraine patients with aura, but no signifi-
cant differences in migraine patients without aura. Cere-
bral hypoperfusion commonly occurs in the posterior re-
gion of one hemisphere during the aura period [16].
Therefore, RNFL thicknesses may be more affected in mi-
graine patients with aura compared to migraine patients
without aura. In the present study, we found that the aver-
age and nasal RNFL thicknesses were significantly thinner
in patients with and without aura compared to healthy
subjects. Although RNFL thicknesses were thinner in pa-
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tients with aura compared to patients without aura, these
differences were not statistically significant. This result
may be due to small sample size and a lack of standardized
patients. Selective nasal RNFL involvement might be ex-
plained pathophysiologically by a differential vulnerability
of retinal axons to ischemia. Moreover, RNFL thicknesses
were thinner on the headache side compared to the contra-
lateral side in all quadrants, but these differences were not
statistically significant. During a migraine, reduced blood
flow and vasospasm was reported to usually occur in one
hemisphere, but other areas of the brain and even the reti-
na may also be influenced by hypoperfusion [11,12]. There-
fore, the bilateral RNFL involvement we observed might
be a reflection of diffuse involvement of the brain and
neuronal structures in migraine.

Additionally, Martinez et al. [16] reported a significant
correlation between RNFL thickness and Migraine Dis-
ability Assessment scores and duration of migraine dis-
ease. On the contrary, Gipponi et al. [18] relate the RENL
thickness just to the presence of migraine and put forth
that it does not depend on illness duration and frequency.
In our study, a significant correlation was found between
headache duration and superior RNFL thickness, and at-
tack frequency and temporal RNFL thickness. However,
relationships between the RNFL thickness and migraine
headache variables should be studied further.

In addition, there are some studies of unilateral involve-
ment in migraine patients [24,25]. Friberg et al. [24] found
reduced blood flow velocities in the middle cerebral artery
on the affected side during migraine episodes in seven pa-
tients. Hougaard et al. [25] studied 20 patients with unilat-
eral headache and investigated the relationship between
migraine with aura and structural gray matter abnormali-
ties. Although the researchers found no differences in gray
matter structure with regards to aura symptoms in mi-
graine patients they identified thinning of the ipsilateral
hemisphere cortical thickness in the inferior frontal gyrus.
The finding of more prominent RNFL thinning in head-
ache side might be related with lateralized structural ab-
normalities in the cortex, indicating that the hemisphere
on the side of pain is affected more.

As noted above, a handful of literature reported contro-
versial findings of RNFL thickness in migraine while
some reports show no change and some reported thinning
in different quadrants. In line with findings by Sorkhabi et
al. [17] and Yulek et al. [19], we found average and nasal
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thinning of RNFL in migraine patients.

This study has some limitations. It is a single-center
study and has a relatively small sample size. Furthermore,
these findings need to be confirmed in a larger patient
group.

In conclusion, the average and nasal RNFL thicknesses
were significantly thinner in migraine patients compared
to healthy subjects and the RNFL thicknesses were thinner
in the side of headache compared to the contralateral side,
but this finding was not statistically significant. The RNFL
thinning related to migraine headache lateralization may
depend on the focal retinal blood flow decrease theory in
migraine.
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