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Contact Lens Update
CLINICAL INSIGHTS BASED IN CURRENT RESEARCH

What is neuropathic ocular surface pain and what can we do about 
it?

Ocular Surface Pain and Its Origin

The International Association for the Study of Pain (IASP) defines pain as:

As the eye is an organ that should normally not be felt, this definition can be extended to ocular surface pain, 
which is often described as a sensation of dryness, burning, aching, irritation, and/or tenderness. As a major 
cause of disability, morbidity, and negative impact on quality-of-life, interest in ocular surface pain has intensified 
given its positive relationship to number of clinic visits and ophthalmic healthcare costs across the world.2

Ocular surface pain can be driven by nociceptive, neuropathic, or mixed mechanisms.

When applied to the ocular surface, nociceptive pain occurs due to noxious stimuli that directly activate 
nociceptors at the level of the ocular surface. Nociceptive pain can be transient, as is the case with a corneal 
abrasion, or chronic, due to a variety of insults including tear film abnormalities (e.g., decreased tear production, 
elevated tear osmolarity, inflammation), environmental factors (e.g., air pollution and climate), abnormal anatomy, 
or direct damage by irritants or surgery.3
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An unpleasant sensory and/or emotional experience associated with, or resembling that associated with, actual or 
potential tissue damage.1
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Nociceptive pain is defined as pain that arises from actual or threatened damage to non-neural tissue and is due to 
the activation of nociceptors.1

Neuropathic pain is defined as pain caused by a lesion or disease of the somatosensory nervous system.1
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When applied to the ocular surface, neuropathic pain is a result of pathologic abnormalities within the trigeminal 
nerve that innervates the cornea and periocular tissue (peripheral neuropathic pain) or in higher order neurons 
that connect the ocular surface to the brain (central neuropathic pain). As ongoing (e.g., chronic aqueous tear 
deficiency) or severe (e.g., surgical nerve injury) nociceptive sources of pain can lead to peripheral and central 
nerve abnormalities, it is not surprising that ocular surface pain often has a mixed etiology, with both nociceptive 
and neuropathic contributors.3

What We Know: Workup

While much less is known about neuropathic pain compared to nociceptive ocular pain, growing interest in 
the topic has provided a rough framework for diagnosing and treating a patient with neuropathic symptoms. It 
is important to highlight that our current knowledge base and diagnostic capabilities are limited; as such, it is 
crucial that further research on neuropathic ocular surface pain is conducted. This will allow for a more complete 
understanding of its origins and provide stronger tools for diagnosis that will facilitate individualized patient care. 
Current difficulties include clinical metrics that are not consistently assessed across patients, a limited number of 
clinical tests available to examine corneal nerve function, and no ‘gold standard’ definition for neuropathic ocular 
surface pain.

Taking these into consideration, a focus on conducting a thorough assessment to examine potential nociceptive 
sources of pain, while at the same time looking for clues that neuropathic mechanisms contribute to pain, is 
warranted in assessing our patients. The first step is to obtain a thorough history that captures information 
on co-morbid ocular and systemic conditions and medications. This is helpful, as specific systemic conditions 
are associated with specific ocular surface manifestations. For example, rheumatoid arthritis is more closely 
associated with aqueous tear deficiency and ocular surface inflammation, while migraine is more closely linked to 
neuropathic ocular surface pain.4 Sleep apnea (and concomitant continuous positive airway pressure treatment), 
on the other hand, are most closely related to anatomic abnormalities (e.g., eyelid laxity) and ocular surface 
disruption.

Next, standardized questionnaires should be used to quantify and characterize ocular pain. These can include 
dry eye specific questionnaires, such as the Dry Eye Questionnaire 5 (DEQ5) which asks about frequency and 
intensity of dryness and discomfort along with tears,5 or the Ocular Surface Disease Index (OSDI) which is a 
multifaceted questionnaire that asks about frequency of various descriptors, impact of triggers, and effect on 
quality of life.6 Others include ocular surface pain specific questionnaires such as a Likert-type numerical rating 
scale (NRS), the Ocular Pain Assessment Survey (OPAS) which asks about intensity of pain, descriptors, and 
impact on quality of life,7 or the Neuropathic Pain Symptom Inventory-modified for the Eye (NPSI-E) which 
focuses on the intensity of neuropathic pain descriptors.8

The physical examination begins with a focus on the periocular skin, blink rate, and anatomy. Next, point of care 
tests can be used to assess for ocular surface inflammation or tear osmolarity, common sources of nociceptive 
pain. Corneal sensitivity can then be tested qualitatively with a cotton tip applicator or dental floss, and graded on 
a scale of 0-3 (none, reduced, normal, increased). A slit lamp exam with vital dye staining should be conducted 
to assess: the eyelid margin (looking for anterior blepharitis and/or features of Meibomian gland dysfunction), 
tear film stability (with tear break up time), corneal and conjunctival staining, and conjunctival anatomy. Tear 
production can be assessed with a Schirmer’s test, although tear meniscus height is often used as a surrogate 
measure. It is important for the clinician to examine the patient prior to anesthetic placement as this can impact 
slit lamp examination findings; placement of the anesthetic is in itself an important clinical test. If ocular surface 
pain is present, the clinician should initially ask the patient to rate its intensity on a 0-10 NRS, subsequently instill 
anesthetic drops and then re-grade pain 30 seconds to two minutes later. Persistent pain after topical anesthesia 
suggests a central or non-ocular surface source of pain. Finally, imaging tests, such as in vivo confocal 
microscopy can be performed to examine corneal nerve morphology.  
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While not one-hundred-percent accurate, key findings that suggest a potential neuropathic contribution to ocular 
surface pain include:

1. Presence of chronic pain co-morbidities upon history (e.g. fibromyalgia, migraine, complex regional pain 
syndrome, chronic pelvic pain, vulvodynia)

2. Presence of specific descriptors on questionnaires (e.g. burning pain, sensitivity to wind or light, or 
symptoms out of proportion to signs of disease)

3. Abnormal corneal sensation (hypo- or hyperesthesia) 9

4. Persistent symptoms despite a history of multiple therapies for nociceptive pain3, 10-12

5. As stated above, certain findings can hint at the location of the abnormality; most notably, persistent pain 
after topical anaesthetic instillation, as well as signs of cutaneous allodynia (pain to light touch around the 
eye) are suggestive of a centralized (e.g. CNS) abnormality.13

What We Know: Treatment

As the diagnosis of neuropathic pain is clinical, the first step in treating ocular surface pain is to treat all 
nociceptive sources of pain. If this strategy is not successful, or if the initial examination is highly indicative of 
neuropathic pain, treatment of neuropathic pain should be initiated.

First line therapies in patients with peripheral neuropathic pain are topical. This includes treating with anti-
inflammatories and blood-derived products (e.g., autologous serum tears (AST); platelet rich plasma). In various 
series, anti-inflammatory therapy has been shown to improve pain symptoms,14 tear surface abnormalities,15 
and peripheral nerve metrics such as corneal nerve density16 in a sub-set of individuals. Topical blood products 
contain blood-bound neurotrophic and epithelial growth factors including nerve growth factor (NGF) and 
neurotrophin-3, which can promote regeneration of corneal nerves.17 Several studies have shown improvements 
in pain18 and peripheral nerve metrics19 with AST. Pre-clinical studies are currently investigating the use of 
transient receptor potential cation channel subfamily V member 1 (TrpV1) modulators on the treatment of 
surgical20. 21 and chemotherapy-induced22, 23 peripheral neuropathic pain. This therapy is also being investigated 
in human trials in individuals with post-operative corneal induced chronic pain (see ClinicalTrials.gov: 
NCT04630158).

First line therapies in patients with central neuropathic pain include oral neuromodulators such as α2δ ligands 
(gabapentin or pregabalin), tricyclic antidepressants (nortriptyline or amitriptyline), serotonin-norepinephrine 
reuptake inhibitors (duloxetine), and sodium-channel blocking anticonvulsants (carbamazepine or topiramate).24, 

25 Because these agents are neuromodulators rather than direct analgesics, pain improvement is first seen 
approximately three months after reaching a therapeutic dose and continues gradually over time. Thus, patients 
must be properly counselled on expectations, benefits, risks, and time course of treatment to ensure compliance 
with therapy.

Where are We Going?

Given the lack of definition, gold standard of diagnosis, and weakness in ability to determine the location of 
nervous dysfunction, neuropathic pain has many mysteries that have yet to be solved. Continued research is 
required to improve our diagnostic capabilities and guide therapy. Thankfully, emerging therapies being studied in 
both clinical and pre-clinical stages have shown promising results thus far.

Other therapies being studied for peripheral pain in humans include amniotic membrane transplant (AMT)26 and 
recombinant human NGF.27 In the investigational stage, an open label pilot study in Korea of 15 patients with 
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DED-associated neuropathic pain applied TRPM8 agonist cryosim-3 four times daily. On OPAS, pain (scale 0-60) 
decreased at 1 week (26.47 ± 11.45; p=0.01) and 1 month (21.53 ± 10.84; p=0.02) compared to baseline (30.60 
± 12.84), while quality of life (scale 0-60) improved in a similar fashion (1 week: 27.60 ± 15.49, 1 month: 27.17 ± 
16.06, baseline: 33.53 ± 14.24; p=0.003 and 0.02 respectively).28 Meanwhile, topical formulations of TRP binding 
agents (agonists, antagonists, and modulators such as resiniferatoxin), 29, 30 omega-3 fatty acid derivatives (e.g. 
docosanoids),31, 32 and cannabinoid agonist therapies are all being examined in pre-clinical stages.33, 34

Several emerging therapies are being studied for centralised pain. These include oral agents (low dose 
naltrexone or tramadol),35, 36 and adjuvant therapies that target periocular afferents. For instance, periocular 
nerve blocks (reversible sodium channel blocker combined with a long-acting corticosteroid) have been utilized 
in individuals with cutaneous allodynia.37 Given links between migraine and neuropathic ocular surface pain, 
strategies used in migraine have also been studied for ocular surface pain; these include botulinum toxin 
injections (inhibits release of neuroexcitatory transmitters)38-40 and non-invasive neurostimulation devices such as 
transcutaneous electrical nerve stimulation and transcranial magnetic stimulation.41-43 Given the close association 
between chronic ocular surface pain and psychological dysfunction,44 addressing the emotional component is 
important; this can be achieved through cognitive-behavioral therapy, along with other stragegies.45 Further 
studies are needed to identify when autonomic mechanisms contribute to chronic ocular surface pain; however, 
strategies to target these mechanisms, by blocking the sphenopalatine (parasympathetic) or superior cervical 
(sympathetic) ganglion, have been used in isolated cases. Overall, a remaining issue is the need for precision-
based medicine as it is not currently possible to predict which patient will respond best to any specific therapy, 
whether in isolation or combination.

Summary

Our knowledge of neuropathic ocular surface pain is continuously evolving as we encounter an increasing number 
of affected patients and bridge the gap with our current understanding of its counterpart, nociceptive pain. Even 
though this is an emerging field, a framework for clinical diagnosis and initiation of therapy for neuropathic ocular 
surface pain has been constructed recently. Advancements in both diagnostic technologies and therapeutic 
algorithms remain major goals for improvement in the field. Also, discovery of more therapeutic modalities is 
essential, as these will solidify preventative and therapeutic techniques for improving often highly refractory 
symptoms. For now, patient-centred care and the use of multi-modal therapies that are applied over a long period 
of time with proper patient counselling, are necessary for achieving optimal outcomes.
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