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Abstract

Objective. Dry eye is a multi-factorial disorder that
manifests with painful ocular symptoms and visual
disturbances, which can only be partly attributed to
tear dysfunction. This disorder may also involve

neuroplasticity in response to neuronal injury. This
review will emphasize the key characteristics of dry
eye pain and its pathologic mechanisms, making
the argument that a subset of dry eye represents a
neuropathic pain disorder of the eye, more appro-
priately called “burning eye syndrome.”

Methods. A literature review was conducted using a
PubMed search focusing on dry eye, corneal noci-
ception, and neuropathic pain. Articles were re-
viewed and those discussing clinical course,
pathophysiology, and neuronal regulation of chronic
ocular pain as related to dry eye were summarized.

Results. We found that there is a discordance be-
tween ocular pain and dryness on the ocular surface.
Although tear dysfunction may be one of the initial in-
sults, its persistence may be associated with repeated
ocular sensory nerve injury leading to an acute-to-
chronic pain transition associated with neuropatho-
logic changes (peripheral and central sensitization),
neuronal dysfunction, and spontaneous ocular pain.

Conclusion. Dry eye is becoming a major health
concern due to its increasing incidence, significant
morbidity, and economic burden. Recent evidence
suggests that a subset of dry eye may be better rep-
resented as a chronic neuropathic pain disorder
due to its features of dysesthesia, spontaneous
pain, allodynia, and hyperalgesia. Future therapies
targeted at the underlying neuroplasticity may yield
improved efficacy for patients with this subset of
dry eye, which we term “burning eye syndrome.”

Key Words. Dry Eye; Cornea; Neuropathic Pain;
Neuronal Dysfunction; Hyperalgesia; Sensitization

Introduction

Dry eye is a common cause of chronic ocular pain and
a growing epidemic [1]. It is a multi-factorial disorder
that consists of painful ocular symptoms and visual dis-
turbances that can only partly be attributed to tear
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dysfunction; other postulated mechanisms include in-
flammation and sensory neuronal dysregulation [2]. Dry
eye is a leading cause for visits to the eye clinic with pa-
tients often complaining of a variety of dysesthesias in-
cluding “dryness,” “burning,” and “foreign body
sensation,” as well as photophobia and blurry vision [3].
However, effective therapies are lacking as most treat-
ment strategies traditionally focus on tear dysfunction.
This likely reflects the discordance between ocular pain
and dryness on the ocular surface. An alternative expla-
nation is that pathology in the corneal somatosensory
pathway may underlie ocular pain in a subset of dry eye
patients, and this subset may be better represented as
a chronic neuropathic pain disorder, or “burning eye” (in
a concept analogous to that of “burning mouth”) [4]. We
will be referring to this subset of dry eye with neuro-
pathic pain features as burning eye syndrome (BES).
This review article is intended to address the idea of
BES as a chronic neuropathic pain disorder associated
with dry eye, focusing on its clinical presentation, pain
mechanisms, and future directions in research and
treatment.

Methods

The references for this review were obtained using a
PubMed search with the following terms (in order of rel-
evance): dry eye, cornea, neuropathic pain, chronic
pain, nociception, neurogenic inflammation, corneal in-
nervation, substance P (SP), calcitonin-gene related
peptide (CGRP), nerve growth factor (NGF), transient
receptor potential cation channels subfamily M member
8 (TRPM8), transient receptor potential vanilloid 1
(TRPV1), glutamate, N-methyl-D-aspartate (NMDA),
gamma amino butyric acid (GABA), topical opioids, topi-
cal non-steroidal anti-inflammatory drugs (NSAIDs), and
gabapentinoids. All searches were limited to the English
language and conducted back to 1970. Articles were
reviewed and those discussing clinical course, patho-
physiology, and neuronal regulation of chronic ocular
pain as related to dry eye were summarized. One text-
book was used as a reference for further review of pain
mechanisms of the eye including Encyclopedia of Pain,
Second Edition, G.F. Gebhart, R.F. Schmidt (Eds.),
2013.

Burning Eye Syndrome Through the Eyes of an
Ophthalmologist

Prevalence and Burden of Dry Eye

Despite controversy over disease definition, most oph-
thalmologists agree that dry eye is a highly prevalent con-
dition. Symptoms of dry eye have been estimated to
affect up to 30% of the population aged 50 years and
older [1]. Surveys using the Impact of Dry Eye on
Everyday Life (IDEEL) questionnaire have emphasized the
negative effect of dry eye symptoms on tasks of daily liv-
ing and its repercussions on psychological health and
quality of life [5,6]. Utility scores for severe dry eye symp-
toms parallel those for patients suffering from angina and

receiving dialysis [7,8]. The economic burden of dry eye
is significant with an estimated indirect cost of $55.4 bil-
lion dollars annually, based on an average annual indirect
cost to society of $11,302 per patient [9].

Clinical Presentation of Dry Eye

A multitude of terms are used to describe ocular pain
associated with dry eye including “dryness,” “burning,”
“itching,” and “foreign body sensation,” all of which can
be episodic or continuous and usually wax and wane in
severity [6]. Clinical findings in dry eye are similarly vari-
able and include a spectrum of features that may reflect
tear dysfunction [10]. Further, meibomian gland dys-
function and surrounding anatomic abnormalities, such
as eyelid laxity and redundant conjunctivae (conjunctivo-
chalasis), affect both the signs and symptoms of dry
eye [10].

Diagnosis of Dry Eye

The fundamental definition of dry eye is not standard-
ized and consequently, there is no gold standard for di-
agnosis. Studies have used symptoms alone, signs, or
a combination of both as diagnostic criteria. Various
tests are employed to grade dry eye severity, including
measuring osmolarity of the inferior tear meniscus
(TearLab, San Diego, CA), using fluorescein to assess
tear break up time and corneal staining, placing strips
of paper in the eyes to measure tearing over a 5 minute
period (Schirmer test), assessing vascularity of the eyelid
margin, and squeezing the eyelids to express and grade
meibum [11]. Interestingly, none of the test results ex-
plain the variability in dry eye symptoms. The longstand-
ing explanation for this discrepancy is that clinicians are
not adequately capturing the temporal variation of the
tear film and of the disease process itself [10,11].
Alternatively, BES may constitute a significant subset of
dry eye patients. In this scenario, the underlying mecha-
nism driving disease pathogenesis is a primary abnor-
mality in the ocular sensory-nociceptive apparatus [12].
Unfortunately, none of the established ocular tests as-
sess the function of the ocular sensory-nociceptive ap-
paratus and this represents a major challenge in the
characterization of BES. In light of this, the clinical diag-
nosis of dry eye frequently predicates on the use of vali-
dated questionnaires such as the 5-item Dry Eye
Questionnaire (DEQ-5) and Ocular Surface Disability
Index (OSDI), which focus on patient’s symptomology
[10,13].

Burning Eye Syndrome Through the Eyes of
a Pain Specialist

Pain specialists rarely, if ever, encounter and treat pa-
tients with ocular pain, and in the same context, are un-
familiar with the diagnostic evaluation and therapeutic
considerations with dry eye. In contrast, patients with
chronic, spontaneous burning pain of the face are likely
diagnosed with neuropathic pain after exclusion of other
primary painful conditions. Why should it be any
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different with chronic burning pain of the eye? Based on
recent publications, BES may be classified under the
Neuropathic Pain Special Interest Group of the
International Association for the Study of Pain
(NeuPSIG) definition of neuropathic pain (NP), as “pain
arising as a direct consequence of a lesion or disease
affecting the somatosensory system [14].” While physio-
logic pain is a critical protective mechanism that at-
tempts to prevent further injury, a minority of patients
with acute nerve injury transition to chronic NP, which
has no protective role [15]. Neuropathic pain appears to
be a pathological manifestation of nerve injury leading to
maladaptive plasticity of both the peripheral and central
nervous system components of the pain pathway [14].
This review will emphasize the key features of BES,
which characterize it as a neuropathic ocular pain
disorder.

Burning Eye Syndrome as a Chronic Neuropathic
Pain Disorder

The manifestations of BES are analogous to those re-
ported by patients suffering from chronic neuropathic
pain disorders. The most important features of neuro-
pathic pain include spontaneous pain, burning sensa-
tion, dysesthesias, allodynia, hyperalgesia, and difficulty
with medical management [16]. A similar panoply of de-
scriptors have been used by BES patients including
“dryness,” “burning,” “aching,” “grittiness,” “jabbing,”
and “foreign body sensation [12,17].” These dysesthe-
sias may occur spontaneously, but can also be trig-
gered by otherwise, trivial stimuli, such as air
conditioning, wind, low humidity, and even light [1]. A
frequent example of allodynia in BES patients is the
overwhelming pain response to the Schirmer test, a rel-
atively benign test, in which a paper strip is placed onto
the eye to measure tear production (Figure 1) [17].
Patients can also have painful or unpleasant manifesta-
tions in tissues surrounding the injury, in a fashion sug-
gestive of the phenomenon, secondary hyperalgesia.
These include headaches, blepharospasm, or general-
ized discomfort around the orbit, face, and jaw [12,18].
All of these features suggest a pathophysiological con-
nection between BES and other neuropathic pain
conditions.

The Role of the Corneal Somatosensory
Pathway in BES

Corneal nociception is exquisitely sensitive with an esti-
mated density of nociceptors 300 to 600 times that of
the dermis [17,19]. These nociceptors are largely unmy-
elinated and are located superficially between the epi-
thelial cells just inferior to the thin tear film layer [19].
The different types of corneal sensory receptors include
cold-sensing thermoreceptors, mechanoreceptors, and
polymodal receptors [20]. Cold-sensing thermoreceptors
make up 10% of this population; they likely use
the TRPM8 as its cold sensor and have a homeostatic
role in regulating basal tear production [21].
Mechanoreceptors account for roughly 20% of corneal

sensory fibers and respond to noxious mechanical
forces, but their molecular pathways are still unknown.
They are likely responsible for the acute, sharp pain trig-
gered by tactile contact with the ocular surface [20].
The remainder of the corneal sensory fibers (70%) are
polymodal nociceptors, which are stimulated by endog-
enous inflammatory mediators, exogenous chemical irri-
tants, noxious mechanical forces, heating, and cooling
[21,22]. The channel ion predominantly associated with
these nociceptors is the TRPV1 [21]. These three clas-
ses of nociceptors constitute the primary defense of the
ocular surface against environmental insults.

The Transition from Acute Nerve Injury to
Neuropathic Ocular Pain

Acute Changes in the Peripheral Corneal
Somatosensory Pathway

The rich density and superficial location of the corneal no-
ciceptors render them effective at detecting noxious stim-
uli, but also increases their vulnerability to damage and
injury (Figures 2 and 3) [23]. Once axonal injury occurs,
neuronal and glial cells trigger an inflammatory cascade,
which leads to the release of mediators often detected in
tears including cytokines, interleukin-1 (IL-1), IL-6, IL-8,
and tumor necrosis factor-alpha (TNF-a) [24,25].

The cytokine response is accompanied by neurogenic
inflammation with peripheral terminal release of multiple
neuropeptides, most importantly SP and CGRP [24,26].
These peptides cause vasodilation, edema, and further
release of inflammatory mediators and polymorphonu-
clear leukocytes (PMNs) [19,27]. The inflammatory medi-
ators lead to the release of NGF, which has a key role
in the functional modification of nociceptors [20].
Through activation of tyrosine kinase (trkA) receptors lo-
cated in the peripheral terminals of nociceptors, NGF
up-regulates existing genes and induces expression of
new genes [17,19]. This culminates in peripheral sensiti-
zation, which renders corneal nociceptors hypersensitive
to an activating stimulus and may contribute to the
heightened pain sensation accompanying BES [15,28].
Studies supporting this have found increased levels of

Figure 1 Schirmer strips are used to quantify ocular
surface wetness by measuring the amount of moisture
(in mm) on a strip after 5 minutes in the eye.
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NGF in the tears of dry eye patients [29,30]. The role of
NGF specifically within the ocular nociceptive pathway
was explored by De Castro et al. who showed that mu-
tant (-/-) trkA knockout mice (unresponsive to NGF due
to the loss of the trkA receptor) had a significant reduc-
tion in corneal nerve terminals and a very reduced blink-
ing response to noxious stimuli when compared with
the wild types and heterozygous (þ/-) trkA animals [28].
Taken together, these findings suggest that NGF

appears especially germane to nociception within the
ocular surface. Although the primary role of NGF is to
promote nerve healing and the initial hypersensitivity re-
sponse is intended to protect the injured area, pro-
longed activity can clearly be detrimental [15,31].

Chronic Changes in the Peripheral Corneal
Somatosensory Pathway

Pathological neuropathic pain develops in the setting of
traumatic insult or repeated ongoing damage to nerves,
resulting in prolonged hypersensitivity or altered neuro-
nal healing. This probably contributes to the abnormal
painful sensations, including allodynia and hyperalgesia,
seen in BES patients. The initial insult that precipitates
BES has often resolved by the time the neuropathic
pain develops. A prime example of this is laser in situ
keratomileusis (LASIK)-induced dry eye [2]. Chao et al.
demonstrated that decreases in corneal sensitivity and
tear dysfunction resulting from LASIK-induced corneal
nerve damage returned to preoperative levels by the
time 20–40% of post-LASIK patients reported dry eye
symptoms [32]. This dichotomy between BES patient’s
subjective complaints and lack of clinical signs is an-
other commonly seen feature of typical chronic neuro-
pathic pain conditions.

With severe or repeated corneal axonal injury, there
can be a phenotypic switch within the nociceptor’s
functional state from signal transmission to nerve regen-
eration [12,17]. The regenerating axon can form nerve
sprouts at the damaged fiber ends and microneuromas
that spontaneously discharge leading to pain without

Figure 2 Proposed path-
ogenesis of Burning Eye
Syndrome.

Figure 3 Diffuse corneal staining (white areas on cor-
nea) due to epithelial cell disruption with subsequent ex-
posure and activation of corneal nerves.
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overt activation by a noxious stimulus; they can also be-
come hyper-responsive to stimuli [17,33]. Recent stud-
ies with in vivo confocal imaging of the sub-basal
corneal nerves demonstrate this abnormal morphology
in some dry eye patients including nerve sprouts, in-
creased nerve thickness, beadlike/microneuroma forma-
tions, and tortuosity [34–41]. Further, confocal
microscopy findings in patients with dry eye have been
non-uniform with separate studies demonstrating either
decreased, similar, or even an increased density of
corneal sub-basal nerves compared with controls
[34–38,42–43]. Correlations of corneal nerve density to
corneal sensation (as assessed by Belmonte and
Cochet-Bonnet aesthesiometry) have been similarly con-
flicting [34,37,42–43]. This observed heterogeneity sug-
gests that confocal microscopy may be a useful tool to
identify BES endotypes based on corneal nerve mor-
phology. We hypothesize that BES patients are the
sub-population of dry eye more likely to have nerve ab-
normalities on confocal microscopy due to abnormal
healing of damaged corneal axons. Clinically, this may
manifest as the spontaneous pain of BES [44,45].

Anatomy and Function of the Ocular Central Pain
Pathway

Another aspect of the molecular pathogenesis of BES in-
volves neuronal dysregulation within the second and
higher order neurons of the ascending excitatory pain
pathway (central sensitization). Under physiologic condi-
tions, once corneal nociceptors discharge an action po-
tential in response to a noxious challenge, it travels along
small-diameter primary afferent unmyelinated C and
lightly myelinated A-delta fibers of the nasociliary branch
of the trigeminal nerve (V1) and through the somata in
the trigeminal ganglion [12]. This action triggers the re-
lease of a host of neurotransmitters including glutamate
[45]. Glutamate binds to multiple types of receptors of
the second order neurons of the trigeminal subnucleus
caudalis (TSNC), but most importantly to AMPA
(a-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid)
and NMDA receptors [46]. Binding to AMPA receptors
results in continued transmission of the noxious signal to
higher order neurons; this action is responsible for the
“fast” nociceptive impulses seen with acute pain [45,46].
The NMDA receptor is also activated by glutamate but
requires much stronger, repetitive noxious signals and is
considered to be responsible for central sensitization [46].
Following activation of second-order neurons of the
TSNC, the impulse is eventually relayed to the thalamus,
and following potential modification by subcortical/limbic
structures, it terminates in the somatosensory cortex and
other supraspinal centers. There, the original noxious sig-
nal is perceived as pain [12,23].

Neuronal Dysregulation Within the Central Pain
Pathways

Within the corneal somatosensory pathway, peripheral
sensitization and ectopic activity can lead to

neuroplasticity of the central nociceptive pathway [45].
Persistent activity of nociceptors is often the source for
central sensitization and it can result in NMDA receptor
activation and increased synaptic efficacy of second or-
der neurons of the TSNC even with sub-threshold nox-
ious stimuli [14]. This is also commonly referred to as
the “wind-up” phenomenon and manifests as allodynia
and hyperalgesia in many chronic pain states [47]. In vi-
tro evidence supporting this concept within the eye has
revealed cross-talk between corneal epithelial cells and
TSNC mediated by NMDA receptors [48]. In addition,
Bereiter et al. showed in a rat model that NMDA recep-
tors relay signals to the corneal central pain pathway
[49]. Further studies are needed to elucidate the exact
interactions of the NMDA receptor within the ocular pain
pathway.

Dysregulation of the Descending Inhibitory
Nociceptive Pathway

The ascending excitatory nociceptive pathway is modu-
lated by the descending inhibitory pathway, and an im-
balance between the two may facilitate the development
of neuropathic pain in BES. Normally, interneurons
within the central pain pathway release inhibitory neuro-
transmitters of nociceptive signaling, including GABA
and glycine [50]. After a noxious insult, the ensuing in-
flammatory cascade reduces GABA’s inhibitory influence
on the ascending pathway [45]. In a rat study, Hirata
et al. showed that GABA does have a role in inhibiting
corneal input by acting on the TSNC [51]. With neuronal
dysregulation, a persistent loss of the inhibitory GABA-
mediated chloride current allows for unopposed activa-
tion of the ascending pain pathway, contributing to a
chronic neuropathic pain state [12,17,52].

Neuronal Dysfunction Can Contribute to
Ocular Surface Dryness of BES

While BES patients primarily present with burning pain
and hyperalgesia, some do have signs of ocular surface
dryness from tear dysfunction. This ocular dryness can
be attributable to neuronal dysregulation, specifically of
the lacrimal functional unit (LFU). The LFU is composed
of the lacrimal gland (primarily responsible for tear se-
cretion), ocular surface, and lids, which are all integrated
by afferent and efferent nerves [2]. The moisture of the
ocular surface requires continuous tear secretion, which
is primarily regulated by TRPM8 of corneal receptors.
TRPM8 is activated by the cooler temperature associ-
ated with evaporative tear loss and sends signals
through the trigeminal (V1) nerve to maintain basal tear-
ing [53]. TRPM8 is very sensitive to minute temperature
variations within the ocular surface and is thus relevant
in maintaining the tear film layer during blinking or expo-
sure to dry environments [12]. Neuronal damage or dys-
function in any component of the LFU can lead to tear
dysfunction and generate a positive feedback loop of
further inflammation and neuroplasticity [2,54]. With cor-
neal injury, the subsequent release of inflammatory me-
diators, specifically IL-1b and TNF-a, has been shown
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to directly inhibit neural activity [55]. Further, in a study
by Zoukhri et al., exogenous addition of IL-1b and
TNF-a inhibited neurotransmitter release, which led to
decreased tear section by the lacrimal gland [56].
These studies suggest that the corneal inflammatory
cascade can cause neuronal dysfunction of the LFU
culminating in ocular surface dryness.

Burning Eye Syndrome Treatment Through
the Eyes of an Ophthalmologist

Dry eye therapy is tailored to the severity of the patient’s
symptoms [57]. A major challenge in identifying effective
treatment is the lack of universal diagnostic criteria for
dry eye. Further, in a recent systematic review, Alves
et al. highlighted the limitations in evaluation of dry eye
treatment due to the heterogeneity of outcome end-
points [58]. As stated previously, most therapies aim at
improving tear film function. Mild symptoms are man-
aged with environmental interventions such as avoiding
air conditioning, low humidity, and air pollution [59,60].
Nutritional modification such as omega-3 fatty acid sup-
plementation has been found to improve tear dysfunc-
tion and reduce ocular surface inflammation [61,62].
Artificial tear substitutes, gels/ointments are used as
needed for symptomatic relief [59]. For moderate symp-
toms, topical anti-inflammatory agents are often used to
target ocular surface inflammation. More severe cases
are often treated with punctal occlusion, a procedure in
which the inferior punctae (conduits for tear drainage)
are blocked, thereby increasing the surface time of tears
[63]. Autologous serum tears (tears constituted from pa-
tient’s serum) have been employed in refractory cases
[64]. Dry eye symptoms recalcitrant to medical manage-
ment may require contact lens placement (such as fit-
ting of a PROSE lens (prosthetic replacement of the
ocular surface ecosystem) and less commonly surgery
[59,65]. Interestingly, one theory behind the efficacy of
the PROSE lens in dampening dry eye symptoms is de-
creased nociceptor firing due to the constant fluid that
bathes and protects the end terminals of the corneal
nociceptors [65].

A large subset of patients with dry eye also has meibo-
mian gland dysfunction, which affects tear film stability
(evaporative dry eye) (Figure 4). Treatment for these cases
include eyelid cleaning, short-term topical corticosteroids,
and topical or oral antibiotics [66]. Newer treatments
for this sub-type of dry eye include eyelid heating and
massage with the LipiFlow

VR

Thermal Pulsation system
(Tear Science, Morrisville, NC), intraductal probing of the
meibomian glands, and intense pulsed light therapy [67–
69]. Limited information is available on their efficacy and
outcomes due to lack of long term follow up.

It is important to note that none of these therapies di-
rectly address the function of the corneal somatosensory
pathway. Given this reality, an important first-step in indi-
vidualizing management is to identify endotypes that may
influence prognosis and alter treatment modalities. This
paradigm is already being applied to dry eye in regards

to the presence of aqueous deficiency or evaporative dry
eye; however, it has not been specifically applied to pa-
tients’ symptoms [10,13]. This is likely contributory to the
sub-optimal patient satisfaction with current dry eye ther-
apy. As our understanding of these neuronal mecha-
nisms evolve, new therapeutic strategies will hopefully
emerge to target the BES sub-type of dry eye.

Burning Eye Syndrome Treatment Through
the Eyes of a Pain Specialist

Primary Prevention

While patients may improve with treatments aimed at
ameliorating tear film dysfunction, most continue to
have symptoms and some continue to have debilitating
disease. Extrapolation of data from other pain disorders
suggests that protection of the ocular surface from
damage may be helpful in the initial stages of this disor-
der. Once central sensitization occurs, however, BES
pain may be spontaneous and unrelated to tear film
dysfunction. Consequently, a primary goal should be to
prevent acute ocular pain altogether (primary prevention)
[70]. For general surgical procedures, analgesic strate-
gies that attenuate the impact of the peripheral nocicep-
tive barrage have been shown to prevent peripheral
and central sensitization and reduce postoperative
pain intensity and analgesic requirements [71]. Similar
strategies may be applied to patients undergoing ocular

Figure 4 Various clinical examples of meibomian
gland dysfunction. (A) Telangiectasias on the eyelid mar-
gin. (B) Foaminess on the eyelid margin indicating ab-
normal meibum quality. (C) Abnormal meibum quality
detected by manual expression (meibum is thickened
and opaque).
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surgery (refractive, cataract extraction), where a signifi-
cant percentage may develop BES secondary to trauma
[32]. Topical ocular opioids may ameliorate the acute
ocular pain associated with these procedures. While
topical opioids are not currently used for ocular surgery,
m-receptors are localized in the cornea [72]. Moreover,
in a murine pain model, Wenk et al. found that topical
application of morphine decreased chemical-induced
blinking suggesting an analgesic effect [73]. The devel-
opment of topical opioids may be worth exploring for
the prevention of surgical pain.

Secondary Prevention and Multi-Modal Therapy

Secondary prevention consists of early recognition and
aggressive treatment of acute pain, thereby preventing
transition to chronicity [70]. One of the main pathologic
components of BES is an initial prolonged inflammatory
cascade; thus, anti-inflammatory agents (such as
NSAIDS) may be particularly helpful in attenuating this
response and the subsequent peripheral sensitization.
Some success has been reported with the use of oph-
thalmic diclofenac for acute postoperative pain following
refractive surgery [74–76]. Furthermore, Szucs et al.
demonstrated a significant analgesic effect of ophthal-
mic diclofenac for acute corneal abrasions when com-
pared with placebo [77]. Diclofenac, in particular, may
confer an additional analgesic effect above other
NSAIDs by decreasing neuronal excitability via opening
of neuronal ATP-sensitive potassium channels [78].
Deficient opening of these channels is known to medi-
ate neuropathic pain after traumatic nerve injury; there-
fore, restoration of their activation may mitigate its
development [79]. Thus, the use of topical NSAIDs in
the initial stages of ocular inflammation may lessen pe-
ripheral and central neuroplasticity.

The clinical manifestations of BES can result from pa-
thology at multiple levels within the corneal somatosen-
sory pathway. Multi-modal therapy targeting different
sites of the pain pathway may therefore be the best
strategy [70]. Chronic neuropathic pain is often man-
aged with gabapentinoids and antidepressants due to
their effects on central pain pathways. In particular,
gabapentinoids have been shown to be effective in the
treatment of diabetic peripheral neuropathy and post-
herpetic neuralgia. They block N-type voltage-gated cal-
cium channels in the primary afferent presynaptic
terminals, with consequent decrease in the release
of multiple excitatory neurotransmitters [70].
Gabapentinoids may prove similarly beneficial for the
treatment of BES. In a prospective, randomized, dou-
ble-blind, placebo-controlled study, Lichtinger et al.
showed that gabapentin significantly reduced post-
operative pain after photorefractive keratectomy [80].
The anti-depressants typically used to treat chronic neu-
ropathic pain are tricyclic antidepressants (TCA) and
serotonin-norepinephrine reuptake inhibitors (SNRI),
which both act on the descending pain pathway to re-
duce pain [70]. These medications may also have a role
in the treatment of BES; however, their potential use in

BES may be limited by their prominent anti-histamine
and anti-muscarinic effects, which can exacerbate ocu-
lar dryness. Further studies are needed to evaluate the
efficacy of these centrally acting neuromodulators in the
BES population.

Conclusion

Dry eye is becoming a major health concern due to its
significant morbidity and economic burden. The lack of
effective therapy is a challenge that needs to be ad-
dressed by continued exploration of the intricate path-
ophysiology behind this disease. Recent evidence
suggests that dry eye is a heterogeneous condition
and a sub-group of dry eye may be better represented
as a chronic neuropathic pain disorder; that is, “burn-
ing eye syndrome,” due to its features of dysesthesia,
spontaneous pain, allodynia, and hyperalgesia. The
wide variability in the BES phenotype is likely related to
peripheral and central sensitization that can develop at
multiple points within the pain pathway. Interestingly,
ophthalmologists and pain specialists think about dry
eye and ocular pain in very different ways, and a blend
of their expertise is needed to develop more robust as-
sessments of dry eye to further evaluate and target the
neuroplasticity of the corneal somatosensory pathway.
Another important avenue of future study will include
genetic predisposition. Genetic polymorphisms are
known to influence inter-individual variability in pain
sensitivity and further research is needed to better
elucidate how these polymorphisms specifically con-
tribute to the susceptibility and severity of neuropathic
pain within the dry eye population [81]. An im-
proved understanding of the corneal somatosensory
system in dry eye is needed in order to individualize
treatments for the disease, with the goal of decreasing
morbidity.
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