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Abstract

Aim To compare the choroidal thickness and
ocular pulse amplitude (OPA) measurements
obtained during the attack period in migraine
patients and age and gender matched control
group participants using high definition
optical coherence tomography (OCT).
Methods Thirty eyes at the side of the
headache of 30 subjects with a diagnosis of
migraine with or without aura and unilateral
migraine and 29 age and gender matched
healthy participants were enrolled in this
observational, cross-sectional study. OCT
scans were performed to all participants.
Choroidal thicknesses were measured at the
fovea, 1500 um nasal and 1500 ym temporal to
the fovea. Intraocular pressure (IOP) and
OPA were also measured.

Results The choroidal thickness
measurements obtained during the attack
period in migraine patients were (mean + SD)
279.82 £ 35.87, 250.05 + 29.49, and 239.58 + 27.92
and in control group were 308.20 £ 44.97,

276.95 + 41.39, and 281.60 + 41.38 at foveal, nasal,
and temporal measurement points, respectively.
Choroidal thickness significantly decreased
according to the control group (P<0.05) at all
measured points in migraine patients during
attack. IOP (mean + SD) values were 16.71 + 3.26
and17.40 £ 3.19 and OPA (mean * SD) values
were 2.26 +0.81 and 2.64 +1.03 in migraine and
control groups, respectively, and did not seem
to be changed (P>0.05).

Conclusions Choroidal thickness was found
to be significantly decreased in unilateral
migraine patients during the attack period
when compared with the control group,
whereas OPA did not change. The possible
implications of these findings on the
association between migraine and glaucoma
are discussed.
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Introduction

Migraine is a chronic neurovascular disorder with
recurrent attacks of pulsating headache and
autonomic nervous system dysfunction and its
pathogenesis is still unclear.! The prevalence of
migraine is 24.4% among the women aged
between 30 and 40 years.? Visual symptoms are
common in migraine patients and patients with
migraine have an increased prevalence of visual
field defects and a relation with glaucoma.3
Vasospasm is important to explain visual aura and
headache in migraine patients and vasospasm-
and ischemia-related effects on the retina and optic
nerve head were reported before*

The electrophysiological activation of
trigeminovascular neurons during a migraine
attack was reported.’ Sensorial innervations of
the eye and dura mater are commonly
originated from the trigeminal ganglion is also
supplied by the trigeminal nerve. Long and
short ciliary nerve branches of the ophthalmic
division of the trigeminal nerve innervate
different parts of the eye and autonomic nerve
fibers that innervate the choroidal vasculature
are also carried by the short ciliary nerves.®

The choroid is a highly vascularized tissue.
The choroid provides oxygen and nourishment
to the outer retinal layers and regulates heat at
the foveal region. Nearly 90% of the ophthalmic
artery blood flow is received by the choroid.”
It is shown that the anatomy and physiologic
functions of choroid is quite important in ocular
diseases like glaucoma.? Several studies have
reported noninvasive in vivo measurements of
the choroidal thickness with the optical
coherence tomography (OCT) in normal
subjects and choroidal or retinal diseases.”!0
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The difference between the systolic and diastolic
intraocular pressure (IOP) is called the ocular pulse
amplitude (OPA) and it is caused by cardiovascular
pulsations and ocular blood flow. The OPA is an index of
choroidal perfusion.!! There are many different methods
for measuring the OPA and choroidal perfusion.'? The
dynamic contour tonometer (DCT; Swiss Micro
technology AG, Port, Switzerland) is a relatively new
technology that allows the measurement of both IOP and
OPA.

To the best of our knowledge, there are no previous
studies in the literature evaluating choroidal thickness
and OPA together in migraine. In our study, we aimed
to show the relation between migraines, choroidal
thickness, and OPA as this may help to understand the
relation between migraine and glaucoma. The
relationship between glaucoma and migraine was
explored later in two large population-based studies, the
Blue Mountain Eye Study and the Beaver Dam Eye
Study, and their results were conflicting as the former
supported the relationship, whereas the latter did
not.13/14

Materials and methods

This cross-sectional prospective observational study was
carried out with the patients, patients’ relatives, and
hospital stuff of the Turgut Ozal University Hospital
from 1 May to 1 November 2013. 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. Subjects diagnosed with
migraines with or without aura according to the criteria
established by the International Headache Society were
recruited from the neurology clinic at the Turgut Ozal
University hospital'®, and only the patients with
unilateral headache and the eyes at the side of the
headache in the phase of pain were enrolled. Non
migraine subjects of the control group were recruited
from the ophthalmology clinic and stuff of the same
hospital. The control group consisted of age and gender
matched healthy participants and the right eyes were
evaluated. The migraine group consisted of 30 eyes of 30
participants (25 female and 5 male). In the control group,
29 eyes of 29 participants (25 female and 4 male) were
investigated. History was taken to ensure that all patients
were free of systemic diseases and not taking any
systemic medications known to affect the visual
functions. None of the migraine patients were receiving
a specific therapy for migraine except for simple
analgesics. The age of onset, duration, frequency,
predominant side of headache, presence or absence of
aura, and family history of migraine if present were
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recorded. A detailed questionnaire was given to the
control subjects to rule out any history of migraine.
Migraine subjects with other central nervous system
diseases or abnormal MRI findings were excluded. Visual
acuity, refraction, and IOP were measured in all subjects
followed by an anterior segment slit lamp exam and a
dilated fundoscopic exam. The IOP and the OPA were
measured with the DCT by an experienced operator
(MSD) after administering topical anesthesia. Subjects
with >3 diopter myopia and history of glaucoma were
excluded from both the groups. Participants also
underwent a complete neurologic examination and
subjects with neurological diseases other than migraines
or with other types of migraine (that is, hemiplegic
migraine and retinal migraine) were excluded. Subjects
with a history of systemic diseases, such as diabetes,
hypertension, collagen vascular disease, pregnancy, and
smoking were also excluded from the study.

All OCT scans were performed by the same
experienced technician who was blind to the study
protocol. Before the scan, it was verified that none of the
patients had consumed drinks with caffeine or had taken
analgesic medications, triptans, or ergot alkaloids for at
least 24 h previously. The choroidal thickness was
measured by the Cirrus high definition OCT (HD-OCT,
Cirrus Version 6.0; Carl Zeiss Meditec, Dublin, CA, USA).
Each participant’s head was fixed on the sustainer with
the eye focusing on the international fixation target
without blinking and moving the eye while six radial
retinal scans were performed. The scans were only
accepted if they were completed, well centered, had
signal strength of at least 6 and had no motion or
blinking artifacts. After each examination, two
independent masked graders (MSD and YT) evaluated
the best image that is projected on a computer screen.
The image was accepted and used for analysis when two
graders determined that both inner and outer borders of
the choroid were clearly distinguishable. The choroidal
image was obtained according to the previous method.!®
The protocol of HD 5 Line Raster centered foveally and
spaced at 0.25 mm was performed. This protocol
consisted of 6 mm parallel lines with 1024 A-scans/
B-scans and averaging four B-scans per image. As the
inversion of the image by using the Cirrus software
results in a pixelated and low resolution image, the
images were not inverted to bring the choroid into closer
proximity to the zero delay line. The image of the
thinnest point of the macula was chosen to prevent the
affect of positioning on the measured thickness of the
fovea. The image size was doubled, foveally centered
and the subfoveal choroidal thickness was measured
manually from the outer portion of the hyper reflective
line corresponding to the retina pigment epithelium to
the inner surface of sclera by the linear measuring tool of



Cirrus software. The thickness of the choroid at the areas
1500 ym nasal and 1500 um temporal to the fovea was
also examined (Figure 1). Two independent raters (MSD
and YT) measured images without the information of the
eye or other observer, as described previously!'” and the
average of the two measurements was taken; the
differences between readings of the masked physicians
were found to be within 10% of the mean.

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 mean age and
distribution of gender among the patients in migraine
and the control groups were compared with the
Mann-Whitney U-test and y2-test, respectively. The
Mann-Whitney U-test was used to test the differences in
choroidal thickness and OPA values between the
migraine and the control groups. Values of P <0.05 were
considered as statistically significant. Partial Pearson
correlation was used to evaluate the influence of various
measured parameters on the choroidal thickness and
OPA. Multiple regression models were used to identify
the associations between central choroidal thickness and
age, IOP and OPA.

Results

Thirty eyes of 30 participants (25 female and 5 male) in
the migraine group and 29 right eyes of 29 participants
(25 female and 4 male) in the control group were
investigated. Demographic 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).

The choroidal thickness measurements were
significantly decreased in the migraine group in all
measured points (P <0.05) but the IOP and OPA
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measurements did not differ between the groups
(P>0.05) (Table 2).

Pearson’s correlation coefficient test did not reveal any
significant correlation between age, gender, IOP, OPA,
and choroidal thicknesses in the migraine group (r-
values ranged between -0.09and -0.61 and P-values
ranged between 0.11 and 0.97). In the control group,
Pearson’s correlation coefficient test revealed a fair and
statistically significant correlation between the OPA and
the central (r= —0.58, P =0.09), nasal (r= —0.53,
P=0.19), and temporal (r= —0.63, P =0.03) choroidal
thicknesses.

In the migraine group, multiple linear regression
models did not identify significant association between
choroidal thickness and age, IOP, and OPA (F (6, 33) =
1.403, P=0.21).

In the control group, multiple linear regression models
did not identify significant association between choroidal
thickness and age, IOP, and OPA (F (5, 24) =1.264,
P=0.36).

Discussion

Migraine is accepted as a neurovascular disorder of
unknown etiology. To the best of our knowledge, this is
the first investigation of choroidal thickness and OPA
together in migraine patients during attack. In our study;,
the mean choroidal thickness of migraine patients was
significantly thinner than that of controls in all points
during migraine attack but OPA did not seem to be
changed (Table 2). These findings may be important in
understanding the pathophysiology of migraine and its
association with glaucoma.

In different studies, ocular disorders and their
association with choroidal thickness were reported.
Choroidal thickness was reported to decrease in
high myopia, retinal dystrophy, and age-related
choroidalatrophy while increased in central serous

Figure 1 Choroidal thickness in a participant using enhanced depth imaging OCT.
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Table 1 Demographic data of migraine and control groups

Migraine Control P-value
group group
(n=30) (n=29)
Age (mean £SD) (years)  39.52+1.97 39.45+1.95 0.41

Male/female (%) 5/25(20/80%) 4/25(16/84%)  0.40

Table 2 Choroidal thickness, IOP, and OPA measurements in
groups

Measurement Migraine Control P-value
parameters (mean + SD (mean + SD
in wm) N =230 in um) N =29

F 279.82 +35.87 308.20 +44.97 0.032
N 250.05+29.49 276.95 +41.39 0.025
T 239.58 +27.92 281.60 +41.38 0.002
IOP 16.71+3.26 17.40+3.19 0.483
OPA 2.26+0.81 2.64+1.03 0.233

Abbreviations: F, choroidal thickness at fovea; N, choroidal thickness at
1500 um nasal to the fovea; T, choroidal thickness at 1500 um temporal to
the fovea; IOP, intraocular pressure; OPA; ocular pulse amplitude.

chorioretinopathy and Vogt-Koyanagi-Harada disease.®

Peripapillary choroidal thickness was found to be lower
in patients with normal-tension glaucoma compared
with normal controls.'® There are also OCT studies
regarding the haemodynamic effects of chemicals like
sildenafil and cigarette smoke, on choroid.!8

The choroid is a highly vascularized tissue and it is
directly influenced by intraocular and perfusion
pressures. It is shown that OCT is superior to histology in
term of accuracy of measuring the choroidal thickness.!”
Measurements of the OPA and the choroidal thickness
together may be important as the relationship between
choroidal thickness and choroidal perfusion is still
debate. OPA is caused by cardiovascular pulsations and
ocular blood flow and it is an index of choroidal
perfusion.!! There are many different methods for
measuring the OPA and choroidal perfusion including
DCT and it is suggested that choroidal blood flow may
not be correlated with choroidal thickness in an
experimental study that measurements with the laser
Doppler flowmetry showed increased choroidal blood
flow precede the increase in choroidal thickness during
recovery from deprivation myopia.?’ In contrast, it has
been reported that sildenafil citrate increases choroidal
thickness owing to a vasodilator effect on choroidal
circulation.?! In another recent study, subfoveal choroidal
thickness, measured by enhanced depth imaging OCT
(EDI-OCT), was not found to be significantly correlated
with choroidal blood flow in young healthy eyes.??
The authors speculated and suggested that further
prospective studies are required to determine the
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changes in choroidal thickness during the stimulation
that can cause choroidal circulation changes. In our
study, we could not find a statistically significant
difference in OPA between the migraine patients during
attack and the control group (P =), and this may indicate
that the auto regulatory mechanisms of the choroidal
perfusion may overcome the decrease of the choroidal
thickness in migraine patients.

An increase in the choroidal thickness in migraine
patients during attack was reported.?3 In contrast, a
different study, similar to our results, reported a decrease
in the choroidal thickness in migraine patients, especially
five of the patients during attack, according to the control
group, which supports our suggestion of decreased
blood flow according to the vasogenic theory of
migraine.'®

It is also reported that the patients with migraine often
suffer from vascular dysregulation involving the
choroid? and this may be in relation with the choroidal
thickness changes in migraine patients. Our study had
several limitations. First of all, the number of cases was
limited but it is very difficult to obtain OCT images
during a painful migraine attack. Another limitation was
related to the effect of diurnal rhythm of choroidal
thickness (a change of ~20-301Im), which was
demonstrated in previous studies.’” However, in our
study, we performed the OCT examinations at the same
time of day (10:00-12:00) during the migraine attack
and excluded the attack patients out of this time limit so
it was unlikely to be a potential bias in our study. The last
major limitation of this study was that the choroidal
thickness measurements had to be performed manually,
which remains a potential cause of interobserver bias.
To overcome this limitation, two different observers
performed measurements at three different points as
described in previous reports? but the time needed to
measure the choroidal thickness manually may lead to
observer fatigue and may increase the possibility of false
measurements. Although this is still the most commonly
used method for determining choroidal thickness, there
is still a need to minimize the bias associated with this
measurement method. To eliminate factors that may have
an effect on choroidal circulation, patients on systemic
and topical medications patients with a known systemic
or ocular disease, smokers, and pregnant subjects were
excluded.

In conclusion, despite these limitations we found that
the choroidal thickness was significantly decreased in
migraine patients during the attack period when
compared with the control group. These findings may be
useful in future studies investigating the neurovascular
structures of the eye in migraine patients and may be a
step to understand the pathogenesis of migraine and the
association between migraine and glaucoma.



Summary

What was known before
® The anatomy and physiologic functions of choroid is
quite important in ocular diseases like glaucoma.
® The choroid is a highly vascularized tissue and its
thickness is related to the choroidal circulation.

® The OPA is an index of choroidal perfusion.

What this study adds
® In our study, the mean choroidal thickness of migraine
Ppatients was significantly thinner than that of the controls
in all points during migraine attack but OPA did not seem
to be changed.
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