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Background and purpose: It has been generally thought that activation and sensitization
of the trigeminovascular system may contribute to the pathogenesis of migraine.
Nevertheless, there is little evidence on abnormalities in peripheral trigeminal afferent nerves
from humans in vivo. Alterations of corneal nerves from the ophthalmic branch of the
trigeminal nerve may support the notion that trigeminal afferent nerves are involved in
migraine pathophysiology. The aim of the present study was to investigate the structural
changes in corneal subbasal nerve plexus in patients with episodic migraine (EM) with
in vivo confocal microscope (IVCM).

Methods: In this cross-sectional observational study, 10 EM patients and 10 age- and sex-
matched healthy controls were included. Analysis of IVCM images with Image J software
was performed to quantify the changes in the corneal subbasal nerve plexus.

Results: EM patients showed an increase in nerve fiber length (25.0£2.65 vs 22.3+2.41 mm/
mm?, p=0.047) and nerve fiber density (36.3£7.29 vs 30.5£6.19 fibers/mm?, p=0.104) as
compared with normal controls, but this difference was not statistically significant. Nerve
branching and tortuosity were significantly increased in the EM subjects compared to the
normal subjects (91.3+13.8 vs 75.0£14.2 branches/mm?, p=0.030 and 2.30+0.46 versus 1.63
+0.52, p=0.011, respectively). In addition, nerve sprouts and increased number of
Langerhans cells were observed in the EM patients.

Conclusion: The morphologic changes of corneal subbasal nerve plexus and Langerhans
cell aggregation suggest the presence of nerve regeneration and inflammation in EM.
Furthermore, the alterations of corneal nerves from the ophthalmic branch of the trigeminal
nerve offer support for the hypothesis that the peripheral trigeminal system may be involved
in the pathogenesis of migraine.
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Introduction

Migraine is a common disabling neurovascular disorder characterized by severe
unilateral throbbing headache accompanied by nausea, vomiting, photophobia and
phonophobia.! Based on attack frequency, migraine sub-classified into episodic
migraine (EM) and chronic migraine (CM). Patients with <15 days of headache
per month are defined as EM, and those with headache occurring on more than 15
days per month, which has features of migraine headache on at least 8 days, are
diagnosed as CM. Although the pathophysiology of migraine has not been fully
understood, it is generally thought that activation and sensitization of the
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trigeminovascular system is responsible for migraine
attack.”> So far, most of the evidence has come from
animal studies, and relatively few in vivo human studies
using functional imaging tend to support the hypotheses.
Electrophysiological recordings showed that topical appli-
cation of inflammatory soup can activate and sensitize the
trigeminal ganglion, the trigeminal spinal nucleus and
thalamus in the rats.*® Evidence from human functional
imaging studies also showed activation of the peripheral
and central trigeminal system in migraine.”* Nevertheless,
there is little evidence on abnormalities in peripheral tri-
geminal afferent nerves from humans in vivo.

Most corneal nociceptive afferents are derived from the
ophthalmic branch of the trigeminal nerve and project to
the trigeminal nuclear complex.” Alterations of corneal
nerves may support the role of trigeminal afferent nerves
in the physiopathology of migraine. Photophobia is
a common symptom in migraine and has been identified
as one of the diagnostic criteria of migraine by the
International Classification of Headache Disorders. The
prevalence of photophobia is approximately 80% of
migraine sufferers.'® The symptom of dry eye is also
extremely prevalent in CM."" These ocular symptoms
associated with migraine indicate the possibility of
changes in the corneal axons. Consistently, previous stu-
dies have demonstrated that there are significant structural
changes in the subbasal corneal nerve plexus in patients
with CM.'"12 Nevertheless, the structural alterations of
corneal afferents in EM remain unknown. Early identifica-
tion of the abnormalities in corneal afferent is pivotal for
the understanding of migraine pathogenesis and for the
early intervention of ocular symptoms.

In vivo confocal microscopy (IVCM) is a noninvasive
technique for the examination of the cornea. It is widely
used in the study of corneal subbasal nerve plexus in
various ocular and systemic diseases.'>'* We hypothe-
sized that the alterations of corneal afferent nerves could
participate in the pathogenesis of EM. In the present study,
we aimed to investigate the structural changes of corneal
subbasal nerve plexus in patients with EM with [IVCM.

Methods

Participants

This cross-sectional observational study was approved by
the Ethics Committee of the First Affiliated Hospital of
Nanjing Medical University and was carried out in accor-
dance with the principles of the Declaration of Helsinki.

Written informed consent was obtained from all patients.
Ten EM patients were recruited from the outpatients in
Neurology Clinic of the First Affiliated Hospital of
Nanjing Medical University between May 1, 2017 and
December 31, 2017. The diagnosis of migraine was
made according to the International Classification of
Headache Disorders criteria. Inclusion criteria were the
presence of EM with <15 headache days per month.
Patients with peripheral neuropathy and ocular diseases
were excluded. We also excluded the possible small fiber
neuropathic patients presenting with length-dependent
neuropathic pain and/or clinical signs of small-fiber
damage according to international diagnostic criteria.'’
We did not exclude migraine subjects with dry eye disease
that may be associated with migraine. The control group
included 10 age- and sex-matched healthy subjects.

Confocal microscopy

Each eye was examined with a laser scanning confocal
microscope (Heidelberg Retina Tomograph [ Rostock
Module;
Heidelberg, Germany). IVCM was performed under topical

Corneal Heidelberg Engineering GmbH,
anesthesia with one drop of 0.4% oxybuprocaine hydro-
chloride (Santen Ltd, Japan). A TomoCap (Heidelberg
Engineering GmbH, Heidelberg, Germany) was used as
the contact cap, and a drop of 0.2% sterile ophthalmic gel
(Bausch & Lomb Ltd; Germany) was used as coupling
medium between the contact cap and objective lens of the
microscope. The subjects were asked to fixate on a blinking
target as the examination was performed. Central regions of
the cornea were scanned through all the corneal layers.

Image analysis

The field size examined by confocal microscope was
400%400 pm. One eye of each subject was selected at random
for image analysis. Three high-quality images were collected
from the center of the cornea for corneal subbasal nerve
plexus assessments. Quantitative analysis of the corneal
nerve fibers was performed with Image J analysis software,
version 1.8.0 (National Institutes of Health, Bethesda, MD,
USA) by a trained examiner who was blind to the grouping of
the participants throughout the study. Parameters of corneal
subbasal nerve plexus quantified in the image frame included:
nerve fiber length (NFL), defined as the total length of all
nerve fibers per square millimeter; nerve fiber density (NFD),
defined as the total number of major nerve fibers per square
millimeter; nerve branch density (NBD), defined as the
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number of branches per square millimeter; tortuosity, graded
from 0 to 4 following the Oliveira-Soto scale.'®

Statistical analysis

All the data were presented as the mean+SD. The demo-
graphic characteristics between migraine patients and nor-
mal controls were compared using Student’st-test for
continuous variables and Fisher’s exact test for categorical
variables. The intergroup differences in outcome para-
meters were analyzed with the t-test. Differences with
p<0.05 were considered statistically significant. The statis-
tical analysis was performed using SPASS software, ver-
sion 21.0 (SPASS Inc, Chicago, IL, USA).

Results

All the migraineurs and controls completed the study and
were included in the analyses. The demographic and clinical
characteristics are shown in Table 1. The study included 10
EM patients with or without aura and 10 healthy subjects as
controls. There was no significant difference in mean age
and sex between the migraine patients and control groups.
The mean age was 38.9+6.31 years in migraine subjects,
and 37.3+5.54 years in control participants. The migraine
patients reported a mean headache frequency of 4.11+2.57
days/month and a mean pain intensity of 8.00+1.58 evalu-
ated by a 0-10 scale.

Representative images of the corneal subbasal nerve
plexus in the normal subjects and migraine patients are
presented in Figure 1. The corneal subbasal nerve plexus
in the control individuals revealed parallel appearance
with slight tortuosity and branches (Figure 1A). In

Table 1 Demographic and clinical characteristics of EM patients
and control subjects

Parameters Migraine Control p
(n=10) (n=10)

Age (years) 38.9£6.31 37.3+5.54 0.586

Sex (female/male) 9/l 8/2 1.00

Migraine history 14.4+5.90 N/A N/A

(years)

Attack frequency per 4.11£2.57 N/A N/A

month

Pain intensity 8.00%1.58 N/A N/A

Attack duration (hrs) 36.6£21.5 N/A N/A

Aura 10% N/A N/A

Photophobia 80% N/A N/A

Note: Data shown as meanSD, n/n, and %.
Abbreviations: EM, episodic migraine; N/A, not available.

comparison, the corneal subbasal nerves in many of the
EM patients revealed increased nerve tortuosity and
branches (Figure 1B). In addition, nerve sprouts were
observed in 20% of the migraine patients (Figure 1C)
and increased number of Langerhans cells were present
in most of the migraine patients (Figure 1D).

The results of corneal subbasal nerve measurements
are summarized in Table 2. EM patients showed an
increase in NFL (25.042.65 vs 22.3+2.41 mm/mm?
=0.047) and NFD (36.3£7.29 vs 30.5£6.19 fibers/mm?>,
p=0.104) as compared with the control group, but this
difference was not statistically significant. There was
a significant difference in NBD between the migraine
group and the control group (91.3£13.8 vs 75.0+14.2
branches/mm?, p=0.030). Nerve tortuosity was also signif-
icantly higher in the migraine subjects than in normal
subjects (2.30+0.46 versus 1.63+0.52, p=0.011).

Discussion

In the present study, ICVM was used to detect the mor-
phologic alterations of corneal subbasal nerve plexus in
patients with EM. The corneal subbasal nerves in EM
patients showed increased nerve length, density, branches
and tortuosity compared with normal controls. In addition,
nerve sprouts and increased number of Langerhans cells
were observed in EM patients.

IVCM has been widely used to image and quantify the
corneal subbasal nerve plexus in various eye conditions,
such as dry eye and photophobia associated with
migraine.'* Our study is the first to study the morphologic
alterations of corneal subbasal nerve plexus in EM.
A previous study conducted by Kinard et al showed that
the nerve density and length was significantly decreased in
patients with CM compared with control subjects.'! In
a recent study, Shetty et al also found a significant
decrease in the corneal subbasal nerve length and
NBD.'? These morphologic changes of corneal subbasal
nerve fibers in CM shown in these previous studies may
relate to impairment or degeneration of corneal nerves,
which were inconsistent with our present results observed
in EM. The increased nerve density, length and branches in
EM suggest the occurrence of corneal nerve regeneration.
Similar to our findings, regeneration of corneal nerves has
also been observed in dry eye condition due to Sjogren’s
disease syndrome.'” It can be inferred that regeneration of
corneal nerve may occur as a feedback from the slight
nerve degeneration or injury when the migraine attack is
infrequent, whereas maladaptive changes of severe neural
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Figure | Representative images of the corneal subbasal nerves in normal subjects and migraine patients. (A) Image of the corneal subbasal nerves in a normal subject. (B)
Image of the corneal subbasal nerves in an EM subject with increased nerve tortuosity and branches. (C) Image of the corneal subbasal nerves in an EM subject with nerve
sprouts. (D) The arrows highlight the increased number of Langerhans cells in the corneal subbasal nerves in an EM subject. Images were 400x400 pm.

Abbreviation: EM, episodic migraine.

Table 2 Subbasal corneal nerve measurements in EM patients and control subjects

Parameters Migraine (n=10) (meantSD) Control (n=10) (meantSD) P

NFD (number/mm?) 36.3£7.29 30.56.19 0.104
NFL (mm/mm?) 25.0+2.65 22.3+2.41 0.047
NBD (number/mm?) 91.3+13.8 75.0+14.2 0.030%*
Tortuosity 2.30+0.46 1.63£0.52 0.011*

Note: *p<0.05.

Abbreviations: EM, episodic migraine; NFD, nerve fiber density; NFL, nerve fiber length; NBD, nerve branch density.

degeneration occur later with the chronicity of migraine.
Therefore, the occurrence of neural regeneration or degen-
eration suggests adaptive or dysregulated mechanisms in
episodic or CM.

The present results suggest the regeneration of corneal
nerves in EM patients.'* Presumably, it may be the sub-
sequent feedback from the nerve injury or degeneration.
The morphological characteristics of corneal nerve regen-
eration remain to be clearly elucidated.'”2° In the present
study, increased nerve density, length, branching and

tortuosity were observed in the EM patients, indicating
an attempt of corneal subbasal nerves to regenerate.
Additionally, the presence of nerve sprouts in corneal
subbasal nerves in migraine patients also serves as
a morphologic marker of nerve regeneration.”’*? The
mechanism for the regeneration of corneal nerves in
migraine patients is still unclear. Increased peripheral
serum levels of nerve growth factor (NGF) detected in
patients with migraine may be responsible for the corneal
regeneration.”*?* Peptidergic nerves containing peptides
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such as calcitonin gene-related peptide (CGRP) and sub-
stance P have been described in the cornea.”>2® 1t is
generally recognized that activation of the trigeminal noci-
ceptive afferents can trigger the release of these vasoactive
peptides in trigeminal nerve endings, leading to neuro-
genic inflammation.” It has been shown that salivary
levels of CGRP are significantly increased between head-
ache attacks in migraine patients compared with control
subjects. Neurogenic inflammation can lead to the release
of proinflammatory cytokines, such as IL-1 and IL-6.%%
The release of peptides and proinflammatory cytokines
can subsequently induce the synthesis of NGF and other
factors with a neurotrophic effect.”’° Overexpression of
NGF stimulates the nerve growth and regeneration.>'*>

Langerhans cells are a subset of antigen-presenting
cells that locate in the epidermal layer of the skin.*
Langerhans cells also reside in the normal human cornea,
and inflammation can induce increased corneal
Langerhans cells in the cornea.***> The present study
observed Langerhans cell aggregation in corneal subbasal
nerves in EM patients, which indicated a peripheral
inflammation-immune process of the trigeminal system.
Previous studies have shown that dendritic cells play
a role in the modulation of nociception and pain through
their effect on T cells.*® The dendritic cell-mediated
inflammatory irritation of the nerve may be involved in
the pathophysiology of migraine, which warrants further
investigation.

Ocular discomfort caused by light exposure in
migraine is proposed to involve activation of ocular noci-
ceptors that project to the spinal trigeminal nucleus

through the trigeminal 37,38

nerve. The morphologic
changes and inflammation in corneal nerves in migraineurs
in our study may initiate the pathophysiology of ocular
discomfort caused by light exposure. In addition, the
abnormalities in corneal nerves involved in the lacrimal
function unit may disrupt the normal neural feedback'”*’
and result in dry eye condition in migraine. Early identi-
fication of the abnormalities in corneal nerves is critical
for the understanding of the pathogenesis of ocular symp-
toms associated with migraine and for the early interven-
tion of ocular symptoms. Additionally, the changes in the
corneal nerves support the role of the trigeminal system in
the pathogenesis of migraine. Nevertheless, it is impossi-
ble to draw a conclusion whether these morphologic
changes of corneal subbasal nerves cause migraine by
activation of the first branch of the trigeminal nerve or

whether migraine results in such changes of corneal

subbasal nerves based on the present results. A limitation
of our present study is the small sample size. Further
studies with larger sample size are needed to obtain less
risk for Type II errors and more chances to detect
a significant difference when it exists. Furthermore, cor-
neal nerves contain both sensory fibers and autonomic
sympathetic nerve fibers. Thus, it is difficult to determine
if it is the nociceptive fibers that undergo structural
changes. Further anatomic and immunohistological studies
in animal models are needed to elucidate this issue.

Conclusion

In conclusion, IVCM provides a rapid and noninvasive
technique to quantify the corneal subbasal nerve plexus
in patients with EM. The morphologic changes of corneal
subbasal nerves and Langerhans cell aggregation indicate
the presence of nerve regeneration and inflammation in
EM. Furthermore, the alterations of corneal nerve from the
ophthalmic branch of the trigeminal nerve offer support
for the hypothesis that the peripheral trigeminal system
may play a role in the pathogenesis of migraine. Further
investigations are required to define the relationship
between corneal subbasal nerve changes and migraine
pathophysiology.
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