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Objective: This paper reviews ocular pain with the main focus on ocular surface discomfort and
dry eye pain. Anatomy, physiology, epidemiology, assessment, and treatment are discussed in this
paper.

Methods: A PubMed search was conducted for studies published from 2000 to 2019 on the
anatomy, pathophysiology, epidemiology, assessment, and treatment of ocular pain. Reviews,
meta-analyses, and randomized clinical trials were included. Inclusion criteria focused on
ocular surface discomfort, dry eye pain and neuropathic pain.

Results: A total of 112 articles were found through searches, 45 of which were selected and
studied in this review.

Discussion: Pain in general can be acute or chronic. Acute pain is usually a physiologic response
to a serious damage to the tissues and alleviates with pain relief treatments. Chronic pain is defined
as the persistence of pain for more than three months. From another point of view, pain has been
classified into either nociceptive or neuropathic. Nociceptive pain is a physiologic response to
anoxious stimulus. Both central and peripheral nervous systems can be involved in the development
of a neuropathic pain, which is characterized by positive or negative sensory signs, a pain perceived
disproportionate to a noxious stimulus, and/or not responsive to analgesics. Chronic pain usually
has a neuropathic component. Ocular surface pain is a well-known complaint after any corneal
surgery. This is mainly due to abnormal regeneration of damaged corneal nerve endings and
abnormal connections with adjacent nerve endings which produce spontaneous activity. Tear
hyperosmolarity and the resultant ocular surface inflammation can also trigger voluntary activity
of corneal nerve endings. Referral pain to the first and second division of the trigeminal nerve has
been reported. Interference with vision and even sleep, which is out of proportion to the examination
are among patients’ complaints. All of these elements proposed the new concept of ocular
neuropathic pain syndrome. The first step in conventional evaluation of ocular discomfort is search
for tear insufficiency. Pathologies of lid and blinking as well as conjunctival irregularities should be
addressed. Anti-inflammatory agents and, in resistant cases, systemic neuromodulators are shown
to be helpful. Education on behavioral changes and reassurance are essential steps. Considering the
neuropathic origin for the ocular pain, treatment modalities used for such pain in other parts of the
body can be considered for this syndrome.
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Key Messages
e Acute pain is usually a physiologic response to a damage to the tissues and
alleviates with pain relief treatments. Persistent pain for more than three months
is known as chronic pain. Chronic pain usually has a neuropathic component, and
needs a multimodal approach including antineuropathic pain treatment.
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e Inflammation plays an important role as well as per-
ipheral and central nervous system mechanisms.

e A multidisciplinary approach with the collaborating
of ophthalmologists and pain specialists can be
helpful.

Introduction

There are few things more ubiquitous in the patient experi-
ence than a fear of pain. From the time point of view, pain
can be acute or chronic. Duration of pain for more than
three months is considered chronic. In another categoriza-
tion, pain can either be nociceptive, which is a physiologic
response to a noxious stimulus, or neuropathic which is the
result of malfunction of the nervous system.' Nociceptive
neurons in the dorsal root ganglion are responsible for
physiologic perception of acute pain which is proportional
to the severity of the insult, and can subside with resolu-
tion of stimulation. Conversely, neuropathic pain is out of
proportion or even can occur in the absence of active
noxious stimuli and can result in debilitating pain which
is not serving a physiologic purpose. In these circum-
stances, patients may experience pain to normally benign
stimuli (allodynia) or an exaggerated response to painful
stimuli (hyperalgesia).”

Acute painful stimuli can evolve to create chronic pain
disorders. For example, aberrant activation of sensory
nerves during regeneration following surgery, can result
in chronic pain.’

Neuroplasticity can occur through central or peripheral
nervous systems which results in desensitization and adap-
tation to a painful stimulus with the central or peripheral
nervous system. In chronic pain, abnormal plasticity of
central nervous system (CNS) can occur in synaptic con-
nections and lead to hyperalgesia or allodynia and altered
descending pain modulation, which are clinical presenta-
tions of neuropathic pain.’

In neuropathic pain, the same stimuli can cause varying
degrees of discomfort and functional impairment depend-
ing on individual patient factors. Neuropathic pain has
been proposed to have a genetic component via influences
on neurotransmission, immune response, and metabolism.
Variations in catechol-O-methyltransferase (COMT) can
result in variable susceptibility to pain.* Animal studies
have demonstrated that gene regulation influenced by sex
results in different types of pain following nerve injury.” In
ocular surface discomfort or ocular neuropathic pain syn-
drome, symptoms have also been found to vary based on
gender with women expressing more severe symptoms.’

Corneal sensitivity decreases with age as well as during
pregnancy and has been found to fluctuate during men-
strual cycles.’

The perception of ocular surface discomfort or ocular
neuropathic pain can be highly influenced by psychologi-
cal factors such as stress, depression, and anxiety as well
as sociocultural factors.® In addition, sleep deprivation and
the presence of chronic pain in other parts of the body can
play a role in the development of neuropathic pain.’

The neural pathways responsible for ocular discomfort
are varied and complex with contributions from both
central and peripheral nervous systems. Ocular surface
discomfort can often be difficult to categorize because it
can lack some of the classic features of acute inflamma-
tion. Patient complaints of ocular surface discomfort can
often seem out of proportion to objective exam findings
leading some clinicians to dismiss or trivialize these com-
plaints. Corneal pain may in part be neurotrophic in nat-
ure, such as in patients with a history of herpetic eye
disease, or have a nociceptive origin, such as corneal
surgeries. Tear hyperosmolarity is a trigger of ocular sur-
face inflammation which in turn stimulates corneal nerve
endings which are at the level of corneal epithelium and
results in the release of inflammatory neuropeptides from
corneal nerves. Inflammation lowers the threshold of neu-
ron activation and as a result, duration and intensity of
responses are increased with time. This is peripheral sen-
sitization. Continued local inflammation can result in
spontaneous activation of corneal nerves which can sub-
sequently provoke a neuropathic pain which can be per-

sensation.'%!!

ceived as hyperalgesia and burning
Interestingly, in this setting, even local anesthesia cannot
relieve the pain as there is not only sensitization of related
peripheral nervous system, but also dysregulation of
CNS."?

It has been shown that a component of corneal soma-
tosensory dysfunction contributes to symptoms of dry eye
in a subgroup of patients with dry eye.”> Confocal micro-
scopy has shown the morphologic changes in subbasal
nerve plexus as well as its abnormal sprouting and thick-
ening, low density, tortuosity, and beading in the cornea of
some patients with dry eye compared to normal subjects."?
In addition, loss of healthy nerves in the cornea is asso-
ciated with more inflammatory cells and formation of new
vessels.'* This is related to somatosensory dysfunction
that will eventually alter the CNS of these patients and
lead to a neuropathic pain (allodynia and hyperalgesia) in

the absence of ocular surface pathology.
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Initially, stimulation of peripheral nerves such as ocular
surface surgery, air pollution or dry weather causes corneal
afferent neuronal injury and inflammation. As a result,
neuronal nuclear, cytosolic and membrane signaling
mechanism alters and leads to increased sensitivity of
central neurons. At this stage, the correlation between
symptoms and signs of ocular surface may be lost."?

In this paper, we aim to review different aspects of
ocular pain with the main orientation on ocular surface
discomfort and dry eye syndrome and the recent hypoth-
esis of ocular neuropathic pain syndrome.

Methods

Data pertaining to ocular pain were extracted from
reviews, meta-analyses, and randomized trials. A search
of literature published from January 2000 to May 2019 on
the anatomy, pathophysiology, epidemiology, assessment,
and treatment of ocular pain was conducted using
PubMed. The search was performed using the following

ER I3

terms and associations between them: “ocular pain”, “ocu-

CEINNT3

lar discomfort”, “neuropathic pain”, “dry eye syndrome”,
“ocular pain AND quality of life”. Articles not published
in English were excluded. Moreover, despite being pub-
lished in the period other than specified, some relevant
studies with important results were also included. In addi-
tion, articles from the references of selected studies were
added if they had useful information for the purpose of this

review.

Results

By using the keywords mentioned, 112 articles were found
through searches. Forty articles were selected based on the
inclusion criteria. Besides, some relevant references con-
tained in the selected manuscripts and other studies that
were relevant and important, were included. Thus, 45
articles were studied in this review.

Anatomy and Physiology

Neural pathway of ocular discomfort begins at ocular sur-
face by corneal nociceptors which make the first division
of the trigeminal nerve and travel to the trigeminal gang-
lion and nucleus. On their way to the somatosensory
cortex in the cerebrum, these neurons synapse in thalamus
(limbic)." Also, some axons from trigeminal nucleus tra-
vel to regions in the brain to adjust lacrimation (superior
salivatory nucleus) and blinking (facial motor nucleus). In
this way, feedback will be sent to lacrimal gland, goblet
cells and meibomian glands to modify basal and reflex tear

secretion.'® Parasympathetic efferent fibers from CN VII
innervate lacrimal glands and regulate its secretion.
Conjunctival and corneal epithelial cells can also modify
tear composition through the secretion or absorption of
electrolytes and water.'”

Figure 1 denotes the sensory pathway for the ocular sur-
face ascending to the somatosensory cortex. In addition,
descending pathways originating from CNS exist that regu-
late the afferent pain signals. Due to convergences from skin
and viscera with corneal projections in trigeminal nuclei and
thalamus, referral pain can be perceived.'” The brain stem
has a role in the process of nociception, limbic system has an
effect on emotional state, parietal lobe has memories of pain
and the frontal lobe has a role in the level of attention given to

1820 therefore, interaction in multiple levels can

the pain,
downregulate or upregulate the process. Therefore, discre-
pancy between sign and symptoms is a common finding.

Eyes and periocular tissue (except lens and retina) have
a rich innervation.” The cornea has the highest density of
sensory neurons in the body and has the largest cortical
representation among sensory organs.>' Free corneal nerve
endings, after losing their myelin sheath about 1 mm from
the limbus, enter the cornea from the periphery in a radial
fashion (mostly at three and nine o'clock) and make the
compact subbasal nerve plexus in the anterior stroma
which then penetrates into the epithelium, very near to
the ocular surface, making them susceptible to environ-
mental exposures and stimuli.”*

The naked terminal ends (nociceptors) go to medium or
small neurons with thin myelinated (A-delta) or unmyeli-
nated (C) axons. The similar nociceptors existing for the
corneal surface, are present for the bulbar conjunctiva and
even uvea and sclera.”

The cornea possesses sensory nerve fibers responsive
to polymodal, mechanical and cold stimuli.

Corneal mechanonociceptors (A-delta type) comprise
15% corneal fibers and transmit acute pain; for example,
sensing a foreign body. They are the fastest conducting
neuron and have a low threshold compared to their skin
counterparts. They only respond to mechanical stimuli and
as they adapt very quickly, they mostly serve to identify
the stimulus and the velocity of change in it.”

The majority (approximately 70%) of corneal sensory
fibers are of polymodal type which are activated by heat
(>39°C) or extreme cold (below 29°C), chemicals (exo-
genous irritants or endogenous inflammatory mediators).
These polymodal nociceptors are mostly from slow-
conducting C type axons but some of them belong to

Clinical Ophthalmology 2020:14

submit your manuscript

2845

Dove


http://www.dovepress.com
http://www.dovepress.com

Ebrahimiadib et al

Dove

Figure | Sensory pathway for ocular surface.

Notes: Trauma or inflammation stimulates ophthalmic nerve branching from trigeminal nerve. All three divisions of trigeminal nerve converge into trigeminal ganglion (A)
which consists the neuronal body of the trigeminal nerve. It then travels to the trigeminal nucleus (B) located in the brain stem, pons, where it synapses and give rise to the
trigeminothalamic tract which is the second order neuron and crosses over to the contralateral thalamus (C). Synapse occurs in a nucleus in thalamus called
ventroposteriomedial thalamus from where the third order neuron forms and travels to the somatosensory cortex.

the thin myelinated (A delta type) group. Therefore, fast
immediate and dull long-lasting pain, both can be per-
ceived by this type of nociceptor. They remain active
with the continuity of the mechanical, thermal or chemi-
cal stimuli and perceive the intensity of the stimulus as
well. The stimulation by polymodals spread not only
centripetally (towards the CNS) but also peripherally
(antidromic propagation) with the aid of neuropeptides
which depolarize distant branches of the same axon
neuron that were not stimulated directly by the initial
stimulus. Some studies suggest that these processes have
a role in trophic maintenance of the cornea. They also
play a role in reflex tearing and neuropathic pain.’

The remaining 15% are cold receptors which are A-delta
and C nerve fibers that send impulses at rest and when the
temperature drops (below 33°C which is normal temperature
of ocular surface). Recently, the cold nociceptors and their

role in ocular surface integrity have been explained. These
receptors identify evaporation (eg, in the absence of blink-
ing) and contribute to basal tear secretion as well. As eva-
poration occurs faster in dry eyes, an exaggeratedly cold
sensation is reported by these patients.”* Perception of cold
stimuli characterizes ocular neuropathic pain in contrast to
other neuropathic pain syndromes.**

As examples in daily life, cold receptor fibers activate
when applying cold eye drops or exposing to the cold air.
Cold stimuli are sometimes perceived as dryness and
evoke tearing without pain. Corneal cold receptors are
unique in that they possess spontaneous activity at room
temperature as well.>

When a moving object touches the cornea, polymodal
nociceptors and mainly mechanonociceptors respond.
Firstly, a sharp pain and after that the sense of irritation
is conceived by polymodal nerve fibers. If the foreign
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body remains in conjunctiva or cornea, polymodal noci-
ceptors continue to work and give a feeling of
discomfort.*®

Pain and irritation are the only sensations that are
perceived upon corneal nerve stimulation. Mechanical
and polymodal nociceptors can induce the sensation of
irritation.'®  Ocular  surface dryness is considered
a mechanical stimulation.

Upon mechanical, hot or cold injuries to the cornea or
irritation from chemical substances, different population of
ocular nociceptors may activate and lead to neuroma for-
mation of sensory nerve fibers that show abnormal
response such as hypesthesia and dysesthesias which are
assumed as clinical signs of peripheral neuropathic pain.’
Corneal pain can be elicited from central neuropathic net-
works as well as those caused by damage to the pain
processing neuronal groups (by ischemia, hemorrhage,
mechanical compression, infection, degenerative process).
Free corneal nerve endings are located between the super-
ficial epithelial cells, very close to the ocular surface,
making them susceptible to environmental exposures and
stimuli. Dryness is the most common trigger for neuro-
pathic corneal pain. Other triggers including trauma, infec-
tion, chemical, or thermal irritants or dysregulated
metabolism can result in inflammatory nerve damage and
aberrant activation of sensory nerves of the eye and
develop a peripheral neuropathic pain.”

From another perspective, different types of pain can
originate from injury to different parts of the eye including
(1) conjunctiva and muscles, (2) globe (such as eye per-
foration or corneal ulcer), (3) optic nerve, and finally, (4)
autonomic or sympathetic nerves which results in retinal

ischemia.?’

Epidemiology and Different Etiologies of

Ocular Pain
Ocular discomfort secondary to dry eye affects 5-30% of
the population aged 50 and above.'? Evaluating pain score
in different types of acute eye diseases, herpes zoster
ophthalmicus, ultraviolet keratitis and thermal burn were
the top three conditions associated with the most severe
ocular pain. Blepharitis was in the middle and dry eye
appeared at the bottom of this list.*® However, the chroni-
city, and not the severity, may be the bothersome issue for
the majority of patients with blepharitis or dry eye.

In the early post refractive surgery period, up to 95%
of patients showed to have dry eye symptoms. These

symptoms improve in 60% of patients in one month after
surgery and majority relieve within 6-12 months.** In
a study, the prevalence of chronic dry eye after LASIK
was reported to be 28% among Asians, while 5% of
Caucasians showed such symptoms.*’

Second to ocular surface pathologies which are the
main source of ocular pain, other pathologies such as
uveitis, acute angle closure glaucoma, and endophthalmitis
can cause intense ocular pain. The type of sensory nerve
fibers involved in transferring the pain of the posterior
segment is not fully understood; however, polymodal noci-
ceptors are involved in pain related to the uveal tract.'®

Scleritis is a rare cause of periocular and facial pain
which exacerbates with ocular movement and interferes
with sleep. Conjunctival disorders showed a lower scale of
pain.?®

Ocular motor cranial nerve palsies (most commonly
CN III) due to ischemia is another source of pain which
is of similar intensity among diabetic and nondiabetic
patients. Frontal headache and brow pain in addition to
ocular pain was reported by the patients, suggesting the
involvement of the first division of trigeminal nerve.
Hyperalgesia in the territory of second division of CN
V has also been reported. The nature of the pain reported
is “dull” and “achy”, lasting from several days to several
weeks. Theoretically, concomitant involvement of the CN
V with epineural sheath of CN III in the cavernous sinus
has been suggested.’®

The iris has some nociceptive sensory fibers that can be
activated upon pupillary dilation.®'

The pain of an anophthalmic socket is a kind of neuro-
pathic pain (damage to central or peripheral neurons)
mediated by the trigeminal nerve. The pain is described
as shooting, stabbing, cramps, pinch, or burning.
Sometimes there is visual hallucination and occasionally
the sensations of the missing lid or itching of nonexisting
tissues.’” Patients with an amputated eye (enucleation,
evisceration or exenteration) reported pain in about
22.5%. They reported chilliness as a trigger. It may be
due to decreased blood flow to the orbit due to tissue
deprivation which causes pain in eyelid and conjunctiva.
In addition to cold weather, windy weather and psychiatric
causes were risk factors for experiencing pain.*”

Another proposed mechanism of ocular pain after
injury is complex regional pain syndrome (CRPS), which
is a neuropathic pain syndrome well described in extremi-
ties. CPRS is rare in orofacial regions. Postganglionic
sympathetic fibers along the carotid plexus enter the orbit
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following ophthalmic artery and CN V (ophthalmic and
maxillary divisions). These sympathetic nerves supply
eyelid muscles, forehead skin and those along the ophthal-
mic nerve regulate blood flow to ocular and orbital
regions. A substantial trauma to the craniofacial region
may provoke CPRS signs and symptoms which include
deep persistent pain, burning sensation and edema along
with moist skin.?'

In one study assessing painful blind eye, removing the
globe (enucleation and evisceration) was reported to be
effective in relieving pain within three months after sur-
gery. Complications of surgery or orbital implant can
cause recurrent pain.*?

Other causes of unilateral headaches and eye patholo-
gies include cluster headache, Tolosa—Hunt syndrome and
cavernous carotid fistula.**

Chronic fatigue, fibromyalgia, urological disorders,
carpal tunnel syndrome and sleep disorders have neuro-
pathic central sensitization and are associated with orofa-

cial pain.*

Ocular Surface Mechanisms Triggering
Pain

Peripheral ocular fibers are usually affected by two main
pathologic processes: inflammation and/or direct periph-
eral or central neuronal injury. Inflammation activates
polymodal nociceptor fibers (inflammatory pain) whereas
peripheral neuronal injury causes ectopic continuous activ-
ity (neuropathic pain). Nerve injury affects both low and
high-threshold cold thermoreceptors; the low threshold
ones provoke a sense of dryness with a cooling component
while high threshold cold thermoreceptors activation illicit
a sense of painful dryness. But inflammation depresses the
activation of both cold thermoreceptors with the aid of
inflammatory mediators.®

In dry eye disease, both cooling and hyperosmolarity
stimulate cold thermoreceptors. Dryness damages the sur-
face epithelium which results in inflammation and nerve
damage with subsequent activation of the polymodal
nociceptors.

Allergic keratoconjunctivitis is another example of
ocular surface inflammation which is accompanied by
increased activity of mechano- and polymodalnociceptors
(lower threshold) and decreased activity of cold thermo-
receptors. This pattern is compatible with the clinical
symptoms of grittiness and itching.'®

Refractive surgery affects polymodal and mechanosen-
sory fibers to the way that they become less responsive to
the stimuli but the cold thermoreceptors show increased
background activity.'® More than 40% of patients report
neuropathic pain which does not wake them up. Corneal
neuropathy was observed in the absence of objective dry
eye. Although dry eye was previously blamed for post-
operative symptoms, transected corneal nerves through
peripheral and central sensitization was found to induce
neuropathic pain.®® If exam or laser scanning confocal
microscopy does not show any corneal pathology, then
the central mechanism has a role in pain. Topical anesthe-

sia relieves
28,37

pain only in those with peripheral
pathology.

LASIK with the creation of flap and laser ablation,
disrupts both the dense subbasal nerve plexus and stromal
corneal nerves. The deeper the stromal ablation, the
increased severity of dry eye symptoms will be after
surgery. Conjunctival sensation and goblet cells may also
be damaged during LASIK (both femtosecond and micro-
keratome assisted). After LASIK, inflammatory cytokines
exist in the tear film and conjunctival epithelium.
Alteration in corneal shape may change the relationship
between the eyelids and ocular surface and result in tear
instability during blinking. Moreover, surgical ablation of
nerve fibers interrupts the cornea-trigeminal nerve-
brainstem-facial nerve-lacrimal gland reflex arc that leads
to decreased basal and reflex tear secretion and
blinking.**** Also, there is evidence confirming the pre-
sence of cornea-nervous system-lacrimal gland regulatory
loops which leads to the expression of nerve factors,
growth factors, and cytokines that improve healing of the
corneal epithelium. Damage to the nerves of the cornea
can destroy these mechanisms and weakens the neuro-
trophic effect on corneal epithelial cells which make the
epithelial apoptosis more likely.***°

During refractive surgery, the injured axon and its nerve
endings degenerate while the sprouts of nerve ends invade
from the periphery to cover the injured area. With an incom-
plete regrowth of the damaged axon, a tangled mass of
aborted sprouts and end bulbs form microneuroma. These
neuromas themselves give rise to new sprouts and the older
sprouts form neighbourhood nerves degenerate. These ecto-
pic neurons with altered ion channels of corneal membranes
show spontaneous activity while irresponsive to the natural
stimuli.” Belmonte described the dry eye sensation after

refractive surgery as a “phantom” cornea.*'
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Similarly, grooved incisions during cataract surgery
can trigger dry eye symptoms early postoperatively, even
in the absence of dry eye before surgery.*’

Contact lens and lens solutions can cause hypoxia and
inflammation that interact with ocular surface and lid
margins, which can subsequently lead to vasodilation,
reflex blinking, tearing and pain.'® Asian ethnicity is
among predisposing risk factors for dry eye in contact

2
lens wearers.

Dry Eye Syndrome and Ocular

Neuropathic Pain Syndrome

Clinicians may minimize the severity of dry eye symp-
toms; however, moderate or severe symptoms of dry eye
have been reported to be equal to moderate to severe
angina or hospital dialysis and mild dry eye symptoms
to be
migraines.” Patients with dry eye may suffer from allo-

have been reported equivalent to severe

dynia, hyperalgesia, hypesthesia (decreased sensitivity to

3 and

pain), and hyperesthesia.'”’> Objective findings
patients’ subjective complaints can often be difficult to
reconcile.®® Dry eye is a complex multifactorial disease
that can broadly be categorized as the result of either
insufficient tear production or increased evaporation.
Understanding the underlying cause of a patient’s dry
eye symptoms can help to direct initial treatment. For
example, lid hygiene is an important measure to address
evaporative tear loss and frequent use of artificial tears and
punctal occlusion are important interventions to manage
with
inflammatory agents are helpful for both conditions.® Lid

insufficient tear production. Treatment anti-
position, the presence of meibomian gland dysfunction,
reduced tear production from lacrimal dysfunction, poor
or infrequent blinking, conjunctival irregularities (such as
conjunctival chalasis), abnormal tear osmolarity, and acti-
vation of ocular surface inflammatory cascades, all can
play a role.*®** Inflammation plays a significant role in
the pathogenesis of dry eye. T cells are recruited to the
conjunctiva of dry eye patients and neutrophil infiltration
has been observed after nerve injury (eg following corneal
surgery). In addition, tear levels of MMP-9 (matrix metal-
loproteinase-9) and reactive oxygen species are increased.
Various inflammatory mediators including interleukins (2,
4, 6, 8, 10, and 17) as well as TNF-alpha show increased
concentration in the tear. The level of anti-inflammatory
mediators (such as those derived from omega 3 and 6 fatty

acids) are elevated as well and the balance between pro-

and anti-inflammatory arms determine the sign and symp-
toms in dry eye.’

Older age and female gender are known risk factors for
dry eye syndrome. Low estrogen levels and lacrimal gland
dysfunction in older age play an important role. The num-
ber of corneal nerves decreases with age which results in
a corresponding reduction in tactile sensation; however,
hyperalgesia to evaporation by the remaining nerve
increases. In addition, there may be an enhancement in
central pain regulation.®

Atopic dermatitis, obesity, indoor occupation and lack
of regular exercise are other predisposing factors for dry
eye.** Dry eye syndrome is also associated with psychia-
tric conditions such as depression, anxiety, post-traumatic
stress disorder, and sleep disruption.’

Dry eye is an important component of several medical
conditions including diabetes mellitus, rheumatoid arthri-
tis, Sjorgen's syndrome, thyroid disease, allergy, and
hyperlipidemia. Additionally, patients who suffer from
other pain control conditions such as irritable bowel syn-
drome, chronic pain syndrome, and pelvic pain are likely
to suffer from dry eye. Taking anticholinergic medications
can contribute to dry eye symptoms. Vitamin D deficiency
is commonly encountered in many of these same systemic
disorders and can affect the immune system. Therefore,
taking supplement or sunlight exposure is encouraged.**

In dry eye, inflammation can disturb somatosensory
processing to that degree that affects the function of
plasticity.

Peripheral sensitization (increased responsiveness of
peripheral nociceptors) can lead to central sensitization
(neuroplastic changes to CNS) which eventually cause
hyperexcitability of nociceptors in the CNS. This can
result in patients have symptoms in the absence of ocular
surface abnormalities.”® Inhibition of pain occurs in the
trigeminal nucleus and in the process of central sensitiza-
tion. Allodynia is the result of central sensitization with
involvement of AP and C fibers phonotypic switch from
harmless stimuli to a pain transmission. In these circum-
stances, patients may experience pain from normally
benign stimuli. Several therapies including opioids, sero-
tonergic, alpha-2 adrenergic agonists, and gabapentin, con-
trol neuropathic pain by effecting the trigeminal nucleus
with diminishing excitation or increasing inhibition
pathways.”> Neuropathic pain is an autonomous irritation
which does not respond to local anesthetics or tear dys-
function therapy because the pain originates in CNS sen-
sitization. This is why patients can have pain in the
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absence of clinical findings consistent with tear dysfunc-
tion. Environmental exposure, fatigue and other factors
may influence patient’s perception of pain and awareness
of symptoms.

Dry eye patients can experience hyperalgesia when
they experience pain along the distribution of the first
and second trigeminal nerve beyond the ocular/periocular
regions with extension to the face, ears, cheek, temple,
teeth, and temporomandibular joint.'> The pain can be
spontaneous and described as burning hot, pins, cutting,
pounding, pressure/aching, tingling, and electric pain.
Blepharospasm can be seen in orofacial pain and dry eye.

Migraine and dry eye can coexist due to the common
pathways within the trigeminal system with photophobia
being a common shared symptom. Migraine patients have
a 1.4-fold higher chances of having dry eye.” Exposure to
light can play a role in both conditions with light exposure
being known to trigger migraine headaches and bright
lights causing reflex blinking via trigeminal. Thermal or
painful stimuli can exacerbate photophobia in patients
with migraine.'> In patients with centralized orofacial
pain, touch of the skin in the territory of ophthalmic
branch of CN V has been reported to be painful.
Hypersensitivity to sound (hyperacusis), tinnitus, vertigo
and changes in smell and taste were also reported.*”

Clinical Assessment of Ocular

Discomfort

The clinical evaluation of patients with ocular discomfort
necessitates careful history taking and examination. Of
paramount importance is ruling out signs of intraocular
inflammation or infection which can be sight threatening.
Detailed slit lamp examination is necessary to examine the
ocular surface to assess for evidence of ocular surface
compromise including irregular tear films and corneal
epithelial changes such as punctate epithelial erosion.
Dry eye workup including tear breakup time, Schirmer's
test, and vital stains are necessary in all patients.

Corneal sensitivity can be measured using a wisp of
cotton from a cotton tip applicator or a Cochet—Bonnet
anesthesiometer, although the utility and reproducibility of
these measures has been debated. Most patients’ response
to corneal stimuli can vary based on underlying disease
status. Most of the patients with primary dry eye syndrome
show a lower threshold for pain and mechanical corneal
stimuli. Patients with dry eye secondary to Sjogren's syn-
drome were to have a negative correlation between dry eye

symptoms and corneal sensitivity. These patients show low
corneal sensitivity and ocular symptoms despite the pre-
sence of ocular surface disease.'**’

Hypersensitivity to other stimuli and systemic pain
status should be checked in patients to rule out central
sensitization. For example, patients with fibromyalgia have
a twofold increased rate of dry eye signs and symptoms.
These patients have been shown to have increased corneal
thresholds to heat and chemical stimuli but normal corneal
mechanical threshold. Patients with Sjogren's syndrome
show abnormal mechanical threshold but normal chemical
threshold compared to normal controls.'® Discrepancy
between mechanical and chemical sensitivity has been
shown in several studies but its mechanism remained to
be elucidated. It might be related to the abnormal respon-
siveness of polymodal nociceptors. Conversion of CO, to
H,CO; is inhibited
a diminished local H" concentration. Alternatively, degen-

in aqueous deficiency causing
eration or regeneration of corneal nerve fibers may cause
an abnormal responsiveness to natural stimuli.*®

Patients’ emotional and psychological status is also
important to assess. Association of comorbidities like
depression and anxiety with ocular pain disorders have
been described.

Alterations in confocal microscopy can be helpful in
assessment of dry eye patients; pattern and density of
subbasal nerves can help in diagnosis and other patholo-
gies of the cornea can be ruled out.*’

After all, neuropathic pain is resistant to usual treat-
ments. It is of paramount importance to diagnose the
neuropathic features in dry eye patients, because this con-
dition often requires alternative measures. An accurate
history taking with the aid of questionnaires is an available
approach for this purpose. However, most accessible ques-
tionnaires such as the Ocular Surface Disease Index
(OSDI) and Dry Eye Questionnaire 5 (DEQS5) are not
reliable ones to reach to the diagnosis of neuropathic
components in dry eye and more sophisticated and com-
prehensive questionnaires with modifications are required
for this goal.

Treatment

The treatment of ocular surface discomfort or ocular neu-
ropathic pain syndrome requires a multimodal approach
that addresses several underlying mechanisms for this
condition. Evidently, majority of neuropathic pain treat-
ment modalities have not been well studied and adapted in
ocular neuropathic pain syndrome. Studies show that
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conventional treatments for dry eye syndrome, as
a localized disease process, are of little value in ocular
neuropathic pain syndrome.

Anti-inflammatory agents can be helpful to address
ocular surface inflammation. Cyclosporine, corticoster-
oids, and tetracycline can reduce the risk of neuroplastic
peripheral corneal or lid wiper sensitization by decreasing
ocular surface inflammation.*®*’ Topical cyclosporine
0.05% has been used to increase tear production in patients
with inflammatory conditions and should be considered in
the perioperative management of dry eye in patients under-
going procedures that will require corneal manipulation.
Lid hygiene with warm compresses and lid scrubs as well
as topical or oral antibiotics can reduce inflammation.”’
Stabilizing the tear film before any corneal procedures can
be helpful in preventing pain. NSAIDs have been used
with success for postoperative pain.’> Autologous serum
contains neurotrophic elements, growth factors, and anti-
inflammatory substances that can aid in treating ocular
surface disease and corneal nerve dysfunction. Further,
autologous serum prevents apoptosis in corneal and con-
junctival epithelium.?*

In cases where high intraocular pressure is causing
pain, ocular hypotensive drugs are helpful.

Addressing the underling lid abnormalities such as
ectropion can be helpful in dry eye symptoms. Punctal
plugging can allow for prolonged retention of a patient’s
tears. Scleral gas permeable and bandage contact lenses
are useful for dry eye patients.?” Special glasses are shown
to be helpful in preventing evaporation.>*

Education plays a key role in managing patient’s
expectations and controlling symptoms. Patients need to
be aware to avoid environmental triggers and behavioral
changes should also be addressed. Basal tear production is
under the control of the hypothalamus and limbic system
so managing stress or psychosocial imbalances can be
helpful.>>=°

A number of new drugs have also emerged in recent years
for treatment of ocular pain. Oxervate™ (cenegermin-bkbyj) is
an FDA approved ophthalmic solution that contains ceneger-
min, a recombinant form of human nerve growth factor and
has an important role in the maintenance, development and
survival of neurons.’’ Lifitegrast is a novel drug that is
approved by FDA for treatment of dry eye. It is
a lymphocyte function-associated antigen intercellular adhe-
sion molecule 1 antagonist that inhibits the inflammatory
pathways in dry eye disease.”® Nexagon is an oligonucleotide
that downregulates expression of the key gap junction protein

Cx43, and is in trial for treatment of persistent corneal epithe-
lial defects.>

After all these evaluations and treatments, patients with
neuropathic pain and central sensitization may continue to
have symptoms. In this situation, a multimodal approach
including antineuropathic pain treatment should be con-
sidered, although its best management is controversial and
depends on factors such as severity of pain, underlying
pathophysiology and patient’s comorbidities.

Centrally acting neuromodulators have been successfully
used for neuropathic pain in the absence of ocular surface
pathology.*® Antiepileptics (Gabapentin and Pregabalin) can
be considered as the first line treatment; Serotonin—norepi-
nephrine reuptake inhibitors (duloxetine, venlafaxine) as
the second-line (or as first-line agents in concomitant mus-
culoskeletal pain or depression); and tricyclic antidepres-
sants (nortriptyline, amitriptyline) as third-line agents.
Combination therapy or weak opioids (tramadol) can also
be used in the case of resistance to treatment in the setting of
a broad neurologic pain. Diazepam and even injection of
BTX-A in the location of pain has been reported to be
helpful >>*%° However, none of these modalities are studied
in ocular neuropathic pain syndrome.

Gabapentin regulates central sensitization. In addition,
it is helpful in decreasing the discharges from damaged
peripheral neurons. Evidence support effect of this cate-
gory of neuromodulators in a wide range of ocular pains
such as immediate post refractive surgery pain, eyelid
surgery and postherpetic neuralgia.>*®!

Cognitive Behavioral Therapy (CBT) in chronic eye
pain has been shown to be effective.’*

More aggressive nonpharmacologic interventions have
also been employed in the treatment of ocular pain.
Matsuura et al treated 35 patients with intractable ocular
pain long after eye surgery and unresponsive to anti-
inflammatory medications with a stellate ganglion block
and found this was effective for both nociceptive and
neuropathic, with greater success in addressing nocicep-
tive pains.®? Blockade of sphenopalatine ganglion (SPG)
and stellate ganglion were also suggested for neuropathic
ocular pain management. Extreme pain was controlled
with alcohol injection into the orbit. The effect of gasser-
ian ganglion block or neurolysis remained to be elucidated
in the treatment of refractory ocular neuropathic pain
syndrome or oculofacial pain syndrome.®>%*

The most important steps and treatment measures for
the management of nociceptive and neuropathic ocular
pain are shown in Figure 2.
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cyclosporine A, autologous serum

while sleeping, punctual plugging

6. Novel medications: lifitegrast

Ocular surface nociceptive pain management:

1. Identifying the underlying cause: lid abnormalities (entropion, ectropion,
lagophthalmus) blepharaitis, MGD, conjunctivochalasis, pterygium, ocular surface
toxicity in the setting of chronic medication use

2. Necessary evaluations: tear breakup time, Schirmer test and vital stains, corneal sensitivity

3. Life style change: lid hygiene, warm compresses, nutrition’s, stress management

4. Medications: artificial tears and lubrication, topical NSAIDS and steroids, topical

5. Adjuvants: bandage or scleral contact lens, moist chamber goggles, taping eyelids

e Ocular surface lubrication

e Contact lenses (CL)

venlafaxine
e Tricyclic antidepressants (TCAs)

3. Invasive Adjuvant Therapies:
e Periocular botulinum toxin
e Periocular nerve blocks

4. Non-pharmacological Therapies:
e Cognitive behavioural therapy

Ocular surface neuropathic pain management:
1. Topical Therapies to Address Peripheral Sensitization:
¢ Anti-inflammatories (corticosteroids, cyclosporine, lifitegrast)

e Neuro-regenerative therapy: with neurotrophic factors (autologous serum), platelet-
rich growth factor (PRGF) and recombinant nerve growth factor (cenegermin)

2. Oral Therapies to Address Central and/or Peripheral Sensitization:
e Gabapentinoids: gabapentin and pregabalin
e Serotonin and norepinephrine reuptake inhibitors (SNRIs): duloxetine or

e Ganglion blocks (gasserian ganglion, sphenopalatine ganglion and stellate ganglion)

Figure 2 The most important steps in the management of nociceptive and neuropathic ocular pain.

Conclusion

Neuropathic pain in ophthalmology has been overlooked
for the past years. Ocular neuropathic pain syndrome, can
be easily misdiagnosed as dry eye syndrome or other
localised or regional pains.

Ocular neuropathic pain syndrome is a chronic pain
that interferes with daily activities. It presents with
hyperalgesia to cold, heat and mechanical stimuli and
can even be perceived in the absence of any peripheral
stimuli. Even a nonpainful stimulus (such as wind or
draught) can provoke an ocular pain (allodynia).

Inflammation plays an important role as well as

peripheral and CNS mechanisms. Any mechanical or
chemical injury to the corneal nerve endings can result
in ectopic sprouts and neuroma formation which show
spontaneous activity. Ocular irritation such as burning,
photophobia, pain, and grittiness are reported by these
patients while objective tests may not establish the diag-
nosis of dry eye. Pain may be referral in the territory of
trigeminal nerve. In case assessments show sufficient
amount of tear, anti-inflammatory agents and centrally
acting neuromodulators will be the treatment of choice.
A multidisciplinary approach with the collaborating of
ophthalmologists and pain specialists can be helpful.
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Preventive measures in susceptible patients should be

considered to prohibit an ongoing signal which may

transform a peripheral pain to a central and chronic

one. Cognitive and behavioral therapy as well as reas-

surance should be considered as well.
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