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Abstract

Neuropathic pain is caused by a primary lesion or dysfunction of the nervous system and can
occur in the cornea. However, neuropathic corneal pain (NCP) is currently an ill-defined disease.
Patients with NCP are extremely challenging to manage and evidence-based clinical
recommendations for the management of patients with NCP are scarce. The objectives of this
review are to provide guidelines for diagnosis and treatment of patients with NCP and to
summarize current evidence-based literature in this area. We performed a systematic literature
search of all relevant publications between 1966 and 2017. Treatment recommendations are, in
part, based on methodologically sound randomized controlled trials (RCTs), demonstrating
superiority to placebo or relevant control treatments, and on the consistency of evidence, degree of
efficacy, and safety. In addition, the recommendations include our own extensive experience in the
management of these patients over the past decade. A comprehensive algorithm, based on clinical
evaluation and complementary tests, is presented for diagnosis and subcategorization of patients
with NCP. Recommended first-line topical treatments include neuro-regenerative and anti-
inflammatory agents, whilst first-line systemic pharmacotherapy includes tricyclic antidepressants
and the anticonvulsant. Second line oral treatments recommended include the opioid-antagonist
and opiate analgesics. Complementary and alternative treatments, such as cardio-exercise,
acupuncture, omega-3 fatty acid, and gluten-free diet, may have additional benefits, as do potential
non-invasive and invasive procedures in recalcitrant cases. Medication selection should be tailored
on an individual basis, considering side effects, comorbidities, and levels of peripheral and
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centralized pain. Nevertheless, there is an urgent need for long-term studies and RCTs assessing
the efficacy of treatments for NCP.
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INTRODUCTION

The International Association for the Study of Pain defines neuropathic pain as “pain
initiated or caused by a primary lesion or dysfunction of the nervous system”.1 The
diagnosis of neuropathic pain requires confirmation of injury or disease affecting
somatosensory pathways of peripheral and/or central nervous systems (CNS).2 Neuropathic
pain can also occur in the cornea,3~’ the most richly innervated tissue in the body.8
Neuropathic corneal pain (NCP) remains an ill-defined entity (also termed corneal neuralgia,
keratoneuralgia, corneal allodynia or corneal neuropathy),3-7 and can be perceived as pain,®
discomfort,19 aching,!! photoallodynia,® burning,10 irritation1?, dryness,!! and grittiness;1!
symptoms that may overlap with diseases such as dry eye disease (DED).12 NCP can result
from both peripheral nerve injury>": 9 or systemic etiologies,*19: 913 and owes much of its
understanding to advances in the pathophysiology and neurobiology of systemic neuropathic
pain. While recent articles have attempted to elucidate the pathophysiology behind NCP,
very limited literature exists on the management of NCP.6:13 This review article provides an
evidence-based approach on management strategies for NCP, and further reflects our own
extensive clinical experience on a large cohort of NCP patients. We have been treating NCP
patients since late 2008. Our recent medical records review has shown that we are currently
treating around 100 new patients NCP per year. We estimate that we have treated well over
700 patients over the past 9 years.

METHODS

We performed a systematic search of all relevant publications between 1966-2017, from
Medline (National Library of Medicine), PubMed, PubMed Central, Embase, OVID and
Cochrane Database. Search terms included: “pain, neuropathic pain, somatosensory pain,
central pain, peripheral pain, dry eye, ocular discomfort, contact lens discomfort, ocular
surface disease, corneal pain, confocal microscopy, trigeminal neuralgia and post-herpetic
neuralgia”. We considered all systematic reviews, meta-analyses and randomized controlled
trials (RCTSs), retrospective studies, case series and case reports. Studies were evaluated
according to the Oxford Centre for Evidence-based Medicine levels of evidence.14

PATHOPHYSIOLOGY OF NEUROPATHIC CORNEAL PAIN

The sensory nervous system consists of sensory neurons, neural pathways and the sensory
cortex. Nociceptors are receptors necessary for pain perception,® and may generate action
potentials to thermal, mechanical, chemical or polymodal (more than one) stimuli.16 They
are connected centrally to higher-order somatosensory pain pathways and the thalamus,
where pain is perceived. During homeostasis, sensory neurons detect various stimuli to
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generate physiological pain responses, protecting tissues from acute injuries.}” However,
tissue damage and inflammation of the ocular surface result in peripheral axonal injuries and
the release of pro-inflammatory mediators,18:19 potentially resulting in increased sensitivity
of peripheral nerves, thus intensifying peripheral pain signaling (peripheral sensitization).
Over time this can result in central sensitization, with central neurons becoming highly
responsive to similar magnitudes of pain and heightened pain awareness.2% The hallmark of
central sensitization is pain that is disconnected from ongoing peripheral signs. Sensitization
may results in allodynia’, photoallodynia (pain due to non-noxious stimuli or light),% or
hyperalgesiall (enhanced pain response to infra-threshold noxious stimuli), causing
unpleasant sensations. NCP may have a peripheral origin (e.g, ocular surgery®21 or herpes
zoster ophthalmicus?2) or a systemic origin (e.g, small-fiber polyneuropathy or
fibromyalgia).*13 Additional underlying causes include DED, infectious keratitis, recurrent
erosions, radiation keratopathy, contact lens wear, and many others as summarized in Table
1. Important co-morbid conditions include, anxiety,2324 depression,23-25 and post-traumatic
stress disorders.23:24

MANAGEMENT OF PATIENTS WITH NEUROPATHIC CORNEAL PAIN

Diagnosing Neuropathic Corneal Pain

Diagnosing NCP has been challenging for vision care providers, partly due to the lack of
understanding of this disease, as well as due to minimal or absent clinical signs, thus
masking the underlying condition.>6:11 NCP is typically diagnosed based on clinical history,
symptoms, ophthalmological examination, and evidence of nerve injury (by in vivo confocal
microscopy [IVCM]) and/or nerve dysfunction (nerve function tests) (Fig. 1). Patients
typically complain of prolonged dry eye treatment, multiple treatment failures, note an
inciting event (e.g., infection or surgery), and may complain about non-ocular pain,
neurological, or psychiatric conditions upon guestioning.

Ocular Pain Questionnaires to Assess Symptoms—Validated pain questionnaires
enable clinicians to evaluate patients’ symptoms and quality of life (QofL) changes.
However, most validated questionnaires to date were designed to address DED symptoms,
including Ocular Surface Disease Index (OSDI),26 McMonnies Dry eye Questionnaire, 2’
Standardized Patient Evaluation for Eye Dryness (SPEED),28 National Eye Institute Vision
Function Questionnaire (NEI-VFQ),22:30 and Symptom Assessment in Dry Eye
(SANDE).31:32 |n contrast, the recently validated Ocular Pain Assessment Survey (OPAS)33
is a quantitative, multidimensional questionnaire, specifically designed for assessment of
corneal and ocular surface pain and QofL changes. The OPAS assesses pain intensity,
frequency of eye and non-eye pain, QofL changes, aggravating factors, associated factors,
and symptomatic relief quantitative, allowing for monitoring of treatment responses.33 Other
questionnaires, including the Neuropathic Pain Symptom Questionnaire (NPSI) modified for
the eye have been used, although they have not been formally validated yet for the eye.3

Functional Somatosensory Testing

The Proparacaine Challenge Test: Establishing the origin of pain, whether central or
peripheral is important for selecting appropriate treatment measures. Topical 0.5%
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proparacaine hydrochloride (Alcaine, Alcon, Fort Worth, TX) allows for differentiation of
central from peripheral sources of pain.13 While proparacaine abolishes peripheral pain, it
has no effect on pain from central sensitization. Patients experiencing complete or partial
relief with proparacaine challenge, likely suffer from peripheral or mixed combined NCP. In
contrast, patients not responding to proparacaine, suffer at least in part from central NCP
(Fig. 2). It has been our clinical experience that many patients only achieve partial relief to
topical proparacaine, suggesting that both peripheral and central sensitization are at play,
albeit in different proportions depending on etiology and disease duration. Additional
measures, including bandage contact lenses (CL) and moisture goggles may decrease
evaporation-induced symptoms. It is important to highlight that this test cannot distinguish
between patients with pathological dry eye symptoms and patients with peripheral
symptoms from neuropathic origin. We believe that patients with signs of DED may also
present with symptoms of NCP. However, no tests are currently available to distinguish
between these entities.

Corneal Esthesiometry: Direct somatosensory measurement using esthesiometers, such as
the Cochet-Bonnet contact esthesiometer, allows for evaluation of mechanical nociceptor
responses,3® thus quantifying A fibers function. Further, non-contact esthesiometry, such as
with the Belmonte esthesiometer allows detection of polymodal function for both A& and C
fibers.36 The new definition of dye eye disease includes the presence of somatosensory
dysfunction.37 A recent study has demonstrated that patients with severe dry eye or
neuropathic pain symptoms present with increased corneal sensitivity,3* while another study
has shown decreased corneal sensitivity in patients with dry eye disease.38 Thus,
measurement of corneal sensitivity could provide the first evidence for somatosensory
abnormalities.

Clinical Examination—Ocular surface slit-lamp examination with vital dyes, such as
fluorescein, lissamine green and rose Bengal, allow for the assessment of corneal and
conjunctiva epithelial integrity and tear film stability. Other tests such as Schirmer’s and
phenol red thread aid in evaluation of tear film volume. Further, tear osmolarity testing may
be a useful screening method to diagnose tear film abnormalities.3® Monitoring patients with
osmolarity remains controversial. While some studies demonstrate strong utility for
longitudinal monitoring of patients through measurement of osmolarity,3’ other studies have
presented no correlation to changes in clinical signs and symptoms..“0 Patients with NCP
often present with symptoms out of proportion to signs,*! and may demonstrate minimal
signs on slit-lamp examination.*2 Ocular co-morbidities, as outlined below, need to be
identified and treated.

In Vivo Confocal Microscopy to Confirm Corneal Nerve Damage—The cornea is
innervated by branches of the nasociliary nerve, a branch of the ophthalmic division of the
trigeminal nerve.*3 Nerve bundles enter the peripheral cornea (limbus) in a radial fashion,
migrate anteriorly, penetrate the Bowman’s layer, and form the subbasal plexus. However,
given that corneal nerves cannot be quantitatively assessed by slit-lamp examination and that
corneal biopsies cannot be readily performed, the objective assessment of the ocular surface
neurobiology has remained challenging for clinicians. Laser IVCM (HRT3/RCM,
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Heidelberg Engineering, Heidelberg, Germany) is a non-invasive, high-resolution device that
allows real-time visualization of corneal structures at the cellular level, providing optical
biopsies at quasi-histological levels.8 IVCM studies in DED patients have demonstrated
decreased nerve density, increased tortuosity, reflectivity and beading.** Recently, a RCT
demonstrated that patients with near-normal corneal nerve density showed improvement in
both symptoms and signs of DED after therapy, while patients with low corneal nerve
density showed no changes, providing a rationale for the notorious variability of responses
observed with therapies.#> These findings could further be explained by potential
neuropathic symptoms in patients with low nerve density. More recent studies in patients
with NCP have demonstrated decreased corneal nerve density associated with allodynia,’
photoallodynia,® and post-LASIK neuralgia.8° The presence of microneuromas by IVCM in
these patients (Fig. 4) reflect sudden swelling of injured nerves at their terminal endings and
have been shown to be specific for NCP,*6 and thus potentially diagnostic. This parameter
could particularly be helpful in patients with NCP who also present with signs of DED.
Thus, in lieu of tissue biopsies, as performed in the skin, IVCM could allow for a definitive
confirmation of nerve damage, allowing for diagnostic confirmation of NCP. In cases with
systemic symptoms, referral to neurologists is suggested for further systemic somatosensory
testing and skin biopsies.

Strategies for Patients with Neuropathic Corneal Pain

Devising management strategies for NCP patients requires differentiation of peripheral,
mixed, and centralized sources of pain (Fig. 2 and Fig. 3). Many of the proposed therapies
discussed for NCP are derived from evidence-based literature for systemic neuropathic pain
and ocular post-herpetic neuralgia. In addition, we have been treating NCP patients since
late 2008. Our recent medical records review has shown that we are currently treating
around 100 new patients NCP per year. We estimate that we have treated well over 700
patients over the past 9 years.

Neuro-Regenerative Therapy—Peripheral sensitization in NCP is initiated by corneal
nerve injury and subsequent inflammation. Recently, therapeutic strategies targeting
neuronal regeneration have been shown to alleviate patient symptoms with autologous serum
tears (AST).® The rationale for this approach was based on previous reports from preclinical
non-ocular neuropathic pain models on the use of neurotrophic factors, in particular nerve
growth factor (NGF).4748 NGF reduced allodynia and hyperalgesia through reduction of
reactive astrocytosis and glial modulation. Recovery of corneal nerve topography has been
demonstrated with the use of AST in patients with NCP,4° photoallodynia,? DED,%0 as well
as with autologous plasma in patients with neurotrophic keratopathy.®! Traditional and more
widespread therapeutic approaches, like tear substitutes, fail to show any trophic results and
are unable to restore physiological innervation.#> Thus, neuro-regenerative approaches to
treat NCP, such as with AST, plasma-rich in growth factors, platelet-rich plasma, autologous
plasma, and more recently NGF, are promising.>2-54

Autologous Serum Tears (AST): AST contain neurotrophic factors, including NGF and
insulin-like growth factor —1.5556 The use of AS with an infusion pump was first described
in 1975 for severe DED and chemical burns.>” Fox et al. then described the use of AST for
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the treatment of severe DED.58 The detailed protocol and guidelines for the preparation of
AST, allowing its widespread use was presented by Tsubota et al.>® Although a
concentration of 20% is most commonly used, no standardization and RCTs have been
performed to determine the optimal concentration, frequency, and duration of therapy.5°
Numerous studies have, however, reported the efficacy of AST in DED, demonstrating
improvement in ocular discomfort and corneal staining®1-67 Noble et al. demonstrated in a
crossover RCT significant improvement in DED symptoms with 50% AST compared to
conventional therapy.®8 Further, Kojima et al. showed significant improvement in signs and
symptoms with AST compared to preservative-free artificial tears in a RCT.%9 In yet another
RCT, Urzua et al. demonstrated a 50.95% improvement in OSDI scores with 20% AST,
compared to 22.19% improvement with artificial tears.”? In NCP patients, we have
demonstrated significant improvement of symptoms of allodynia® 649 and photoallodynia®
with 20% AST within 3.6 months of treatment. In addition to improvement in patients’
symptoms, IVCM clearly demonstrates a significant increase in corneal subbasal nerve
density, as well as decrease in nerve reflectivity and tortuosity. Taken together, the ability of
AST to regenerate corneal nerves has been associated with the improvement of the
symptoms of NCP.6:1349 We recommend the use of 20% AST 8x/daily until significant
relief/resolution of symptoms is achieved, followed by a very slow taper in order to prevent
rebound. It has been our experience that initial symptom relief is observed within 3-4
months in NCP of peripheral origin and that taper can be successfully attempted within 9-12
months. Limitations of AST are the limited availability, cost due to lack of insurance
coverage, and the storage requirements.

Anti-Inflammatory Therapy—The pathophysiology of NCP includes injury to peripheral
nerves (e.g. due to direct trauma, inflammation, toxicity) resulting in release of pro-
inflammatory neuropeptides from both injured nerves and cytokines from surrounding
healthy nerves,’1:72 leading peripheral sensitization.”3:”4 Chronic inflammation can decrease
neurite outgrowth and increased calcium influx across cell membranes, causing axonal
degeneration.”> 76 Thus, the critical role of inflammation in the pathophysiology of NCP
provides the rationale for the use of anti-inflammatory therapy. Our clinical experience has
corroborated this rationale in that concurrent use of low dose topical corticosteroids with
AST resulted in significant increase in cornea nerve regeneration as compared to AST
alone.””

Topical corticosteroids have been used as a mainstay of anti-inflammatory therapy due to
their inhibitory mechanism of action on cytokines, prostaglandins and leukotriene synthesis,
as well as the inhibition of leukocyte migration.”® Among corticosteroids, loteprednol 0.5%
suspension or gel have demonstrated lower rates of increased intraocular pressure and
cataract formation due to decreased intraocular penetration.”® 80 Moreover loteprednol 0.5%
gel has a much lower concentration of the neurotoxic®.-83 preservative benzalkonium
chloride (BAK; 0.003%), as compared to other corticosteroids (0.05-0.01%).84 In several
recent RCTs in DED patients, significant symptom reduction was demonstrated with
loteprednol 0.5% as compared to placebo.*>85 Thus, for NCP we recommend use of
loteprednol 0.5% suspension or gel with a slow taper of four times daily for two weeks,
followed by twice daily for two weeks and once daily over a 6- to 12-week period depending
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on individual patient response. Anti-inflammatory therapy is then attempted with steroid-
sparing therapies, such as topical calcineurin inhibitors cyclosporine A 0.05% two to four
times daily,8 and tacrolimus 0.03% three times daily,8” the interleukin-1 receptor antagonist
Anakinra (Kineret) 2.5% three times daily,®8 as well as topical testosterone 0.03% three
times daily.8° Further, a new class of anti-inflammatory agents has become available with
Lifitegrast 5%, which was recently approved by the FDA for the treatment of signs and
symptoms of dry eye disease.?0 Moreover, antibiotics such as topical and oral tetracycline
and azithromycin have been used successfully for anti-inflammatory therapy.91:92
Nevertheless, topical loteprednol is the author’s first-line choice as an anti-inflammatory
agent.

It is important to note that in patients with severe hyperalgesia, even low BAK
concentrations are not tolerated, in which case preservative-free formulations are
recommended, such as compounded methylprednisolone 1%. Depending on the level of
inflammation, topical anti-inflammatory therapy may result in rapid decrease of pain.
However, depending on the agent and preservatives used, they can result in significant
discomfort.

Ocular Surface Rehabilitation and Managing Co-Morbidities—Palliative treatment
with lubrication of the ocular surface can provide additional short-term relief for patients
with NCP. Particularly, in cases with concurrent DED, lubrication may result in decreased
tear osmolarity and dilution of pro-inflammatory mediators. Further, after initial anti-
inflammatory therapy, additional of punctal plugs results in an increased tear lake.%3
However, in cases with concurrent ocular allergies, placement of plugs may increase contact
time with allergens and result in subsequent inflammatory responses.* In patients with
increased tear evaporation and decreased TBUT, approaches decreasing evaporation can be
of benefit. These include, emulsion-based lubricants, treating concomitant meibomian gland
dysfunction (MGD) with hot compresses and lid massage, use of moisture chamber goggles,
or medical therapy with topical or oral antibiotics, including doxycycline or azithromycin.
By improving tear film stability and reducing inflammation, these agents may act as an
adjunct therapy in NCP. In refractory cases, procedures including intraductal MG probing,
thermal pulsation devices, and intense pulse light therapy may be of benefit.25-96.97 |n
addition, treatment of blepharitis, including recognition and treatment of demodex
blepharitis may remove inciting stimuli. Moreover, addressing other co-morbidities, such as
ocular allergies, conjunctivochalasis, exposure keratopathy, and essential blepharospasm are
important steps in mitigating patient symptoms.

Self-Retained Cryopreserved Amniotic Membrane (CAM): CAM has been shown to
have anti-inflammatory, anti-fibrotic and neurotrophic effects on the ocular surface.%8-102
CAM is generally well-tolerated, resulting in symptomatic relief and improved surface
staining in patients with DED.%8 The authors have had initial encouraging results with self-
retained CAM (PROKERA®SIim and Clear, Bio-Tissue, Miami, FL, USA) in patients with
NCP, resulting in rapid relief of symptoms.193 In cases with severe hyperalgesia, where
patients may not tolerate the polycarbonate ring, we recommend removal of the ring and
placement of the CAM into bandage contact lenses (BCLs). Our recent experience with 14
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NCP patients that were not able tolerate the PROKERA® ring, but were treated with CAM
into BCLs, has shown that 11/14 patients (78.57%) tolerated CAM/BCL well.

Protective Contact Lenses: Patients with peripheral source of pain refractory to topical
therapies may benefit from temporary trials with extended wear soft bandage CLs or scleral
lenses, such as the prosthetic replacement of the ocular surface ecosystem (PROSE, Boston
Foundation for Sight, Needham, MA)194 for immediate symptom relief. While the exact
mechanisms of symptom relief are not yet elucidated, they likely include shielding of
corneal nociceptors from external environmental stimuli. Pain relief associated with corneal
diseases has been reported in a recent series of 40 patients.19% Several studies have
demonstrated symptom relief with therapeutic soft CLs in patients with ocular surface
disease, such as ocular graft versus host disease (GVHD).106:107 Similarly, soft lenses
improved OSDI scores as compared to AST in patients with Sjdgren’s syndrome DED.108
However, potential risks of infections with prolonged wear make them less attractive long-
term options.

Scleral lenses have been shown to result in decreased light sensitivity and discomfort in 92%
of patients with ocular surface disease.1%° Further, improved OSDI scores have been shown
in several studies in patients with GVHD.10 Similarly, patients reported decreased pain with
PROSE.11! A more recent study, however, indicated that long-term PROSE wear did not
result in increased corneal nerve density by IVCM.112 Nevertheless, while some patients
with NCP may experience immediate pain relief, using CLs may be challenging in NCP
patients with severe underlying hyperalgesia, in whom lenses can provide strong noxious
stimuli.

Systemic Pharmacotherapy—Symptoms of NCP can present due to central
sensitization (Fig. 2). In these cases, systemic pharmacotherapy is required for pain
relief.1.113-115 |n addition, systemic therapies may aid in treatment of peripheral
sensitization and result in accelerated relief. Although data on use of systemic
pharmacotherapy for NCP is scarce, and no RCTs have been performed specifically in NCP,
their use can be extrapolated from treatments of post-herpetic neuralgia (PHN) and
neuropathic pain elsewhere.?2:116.117 These approaches have been specifically utilized in
NCP patients by the authors. While in many cases the use of a single drug may be sufficient,
combination therapy may be necessary. We recommend that ophthalmologists not familiar
with prescribing these drugs, initially co-manage patients requiring systemic
pharmacotherapy in conjunction with neuropathic pain specialists. As they familiarize
themselves with these treatments, they could subsequently manage these patients
independently.

First-Line Agents

Tricyclic Antidepressants (TCASs): TCAs have previously been used effectively in the
treatment of neuropathic pain as first-line agents.118-120 TCAs exert their action by
inhibiting pre-synaptic reuptake of serotonin and norepinephrine, as well as by blocking
cholinergic, histaminergic, and sodium channels.118 The clinical efficacy of 25-150 mg
amitriptyline daily in PHN has been demonstrated in a RCT117, which showed a significant
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reduction in pain in 66% of patients within 3 weeks. Another RCT, comparing nortriptyline
directly to amitriptyline for PHN showed similar efficacy of both drugs, with nortriptyline
demonstrating fewer side effects.12! In PHN, the time between onset of disease and start of
TCAs has been shown to impact outcomes.122 Nortriptyline, preferred due to superior side
effect profile, is started at a dose of 10-25 mg at bedtime and increased every 3—7 days to a
final dose of 25-100 mg at bedtime as tolerated. Common side effects include dry mouth,
constipation, and sedation. Our personal experience with nortriptyline in NCP has been very
encouraging.

Anticonvulsant Carbamazepine (CBZ): CBZ is a sodium channel-blocker commonly used
for trigeminal neuralgia (TGN).123 A systematic review concluded that CBZ should be
offered as a first-line agent for pain control in TGN (level A). The recommendations were
based on the pooled results of four placebo-controlled studies including a total of 147
patients, treated with 300-2400/day.124 In 4 RCTs in TNG, comparing CBZ to placebo,
superiority of CBZ was demonstrated, with 70% of CBZ-treated patients showing partial or
complete pain relief125, The most common side effects include drowsiness, headache, and
dizziness!?>. In patients with NCP, CBZ is started at 200 mg at night and gradually
increased by 200 mg every 7 days to a final dose of 400-1200 mg, divided in 2—-3 doses per
day. Once response has been achieved and patients maintain pain relief, the dose can be
tapered to a minimal effective dose.

Second Line Agents

Low-Dose Naltrexone (LDN): LDN is an opioid antagonist for the p-opioid and «-opioid
receptors.126:127 |t has further been shown to be an antagonist to toll-like receptor 4 that has
been linked to neuropathic pain,126:127 reducing the release of pro-inflammatory cytokines
and modulating microglial activity. LDN (3-5 mg) has recently been used effectively as an
off-label treatment in patients with chronic neuropathic pain, including fibromyalgia,
complex regional pain syndrome, low-back pain, and painful diabetic neuropathy. Ina RCT
of 31 patients with fibromyalgia, use of LDN 4.5mg resulted in significant decrease of pain
and improved satisfaction with life as compared to placebo.12” Another recent paper
reported a single case of successful treatment with LDN in a patient with refractory painful
diabetic neuropathic pain.128 Common side effects include headache, tachycardia and vivid
dreams.12” LDN is recommended by us in NCP patients at 1.5 mg at bedtime with gradual
bi-weekly increase of 1.5 mg to a final maximum dose of 4.5 mg taken at bedtime.

Tramadol: Tramadol is a weak p-opioid agonist in addition to being a norepinephrine and
serotonin reuptake inhibitor.129 Opioids in have been shown to be superior to placebo in
reducing pain intensity, and in improving physical functioning.11 Common side effects
include nausea, vomiting, constipation, and sedation. Further potential dependence limits it
as a second-line agent, when the first-line medications fail to achieve a satisfactory response.
Tramadol is suggested in NCP patients at 50 mg once or twice daily with gradual increase to
a maximum dose of 400 mg daily. In cases where immediate and short-term relief for NCP
is desired, its use as a short-term first-line agent may be justified.1:114.115
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Third Line Agents

Calcium channel a 2-6ligands: Gabapentin and pregabalin, both originally designed as
anticonvulsants are widely used as single agents for the treatment of diabetic neuralgia,
PHN, and central neuropathic pain.116:130.131 Gamma-aminobutyric acid (GABA\) is the key
inhibitory neuro-transmitter in the CNS. These drugs bind to the a. 2-6 subunit voltage gated
calcium channels and inhibit the release of glutamate, norepinephrine and substance P, and
stabilize neurons from ectopic discharge.132 In patients with PHN, pregabalin improved
short-term pain intensity.133 In a RCT of 563 patients with PHN, the efficacy of gabapentin
(up to 3600 mg/day) has been reported, demonstrating significant decrease in pain compared
to placebo.133 In another RCT 900 mg gabapentin resulted in 66% decreased pain and
allodynia levels, compared to 33% decrease with placebo.134 Similarly, in a RCT of 776
patients with PHN, pregabalin (300-600 mg/day) resulted in significant decrease of pain
compared to placebo.13% Both gabapentin and pregabalin are FDA approved for treatment of
PHN. Common side effects include dizziness, somnolence, dry mouth, and
constipation.136.137 Gabapentin is initiated as a single 600 mg dose on day 1 and increased
every 3 days to a dose of 1800 mg, divided in 3 doses. The maximum analgesic dose of
gabapentin recommended for adults is usually between 1,800 and 3,600 mg per day.112
Pregabalin is started at a dose of 75 mg at bedtime, with a gradual weekly increase to a
maximum of 600 mg daily. While the authors have had similar success in patients with
ocular PHN, the response rate in patients with NCP of other origins has been very limited.

Seratonin-Norepinephrine I nhibitors (SSNRI s): Duloxetine and venlafaxine are SSNRIs
with both antidepressant and central analgesic properties.138 Their dual mechanism of action
has been studied in several clinical trials on painful polyneuropathies. Duloxetine is FDA
approved for the treatment of painful diabetic polyneuropathy.139 A recent meta-analysis on
pharmacological treatment for neuropathic pain included nine studies with duloxetine, seven
of which showed positive results with doses of 20-120 mg/day and final conclusion of
“strong recommendations for use”. Common side effects include nausea, dry mouth,
headache, decreased libido, dizziness, somnolence or insomnia.140 Duloxetine is
contraindicated in patients with severe hepatic and renal impairment.138

Sodium Channel Blocker (Mexiletine): Mexiletine, a sodium channel blocker that is an
orally active local anesthetic agent, is structurally related to lidocaine, and prescribed as a
second- or third-line treatment for neuropathic pain.140 It is an orally active local anesthetic
and anti-arryhythmic agent that can be used at doses of 225-675 mg/day. 140 The most
common side effects are nausea, headache, sleep disturbances, and tiredness. Due to its poor
side effect profile, we only recommend in NCP patients refractory to other treatments.

Lifestyle Changes: Preclinical and clinical evidence suggests efficacy of cardio-exercise in
pain relief through inhibition of pain pathways that alter pain perception, resulting in
improvement of allodynia and hyperalgesia.14! In addition, studies have shown the anti-
inflammatory effect of exercise by diminishing neuro-immunologic signaling after nerve
injury,142 as well as increase in neurotrophic factors in the CNS contributing to
neuroplasticity and neuro-restoration.143.144 Hence, we recommend trials of cardio-exercise
for at least 30 minutes twice weekly.
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Nutritional intervention strategies, such as the increase in the ratio of omega-3 to omega-6
fatty acids may regulate inflammation and optimize health in NCP patients.14> Further,
omega-3 fatty acids supplementation has been reported in clinical trials to improve TBUT
and Schirmer’s test results and may decrease symptoms of hyperalgesia.1#6 Doses of 1000
mg bid to tid daily are recommended. Moreover, gluten sensitivity may be etiologically
linked to several idiopathic neuropathies through induction of neuronal inflammation.147 A
study 101 patients with idiopathic peripheral neuropathies showed a 40% prevalence of
gluten sensitivity.148 In the authors experience with NCP patients, trials of gluten-free diet
have resulted in variable decrease in pain.

Meditation and mindfulness, may contribute positively to pain management through
activation of multiple brain regions that contain a high expression of opioid receptors. They
may have a positive impact on overlapping co-morbidities, such as depression and anxiety in
patients with NCP.

Alternative Therapy—Given the many underlying etiologies, some cases can be
refractory to the proposed therapies above. The authors have found that use of adjunctive
therapies, such as acupuncture may provide additional pain relief. Acupuncture has been
shown to stimulate endogenous opioid mechanisms, and may stimulate secretion of
neuropeptides.14? Patients with NCP have reported pain relief up to several days from a
single session, and if resulting in pain relief, twice weekly sessions are recommended.

In extreme refractory cases, several experimental procedures are available, including non-
invasive transcranial magnetic stimulation (TMS) and scrambler therapy (ST), as well as
more invasive neuromodulation, and intrathecal drug delivery systems. The recommendation
for these therapies is based on the published literature for non-ocular neuropathic pain, as
well as our own personal experience.

TMS utilizes non-invasive MRI-strength magnetic pulses to stimulate cortical neurons.150
While it is FDA-approved for depression, recent evidence suggests its use in pain
management (in particular for central neuropathic pain).199-152 A recent Japanese RCT in
patients with refractory neuropathic pain showed significant short-term effects with TMS,%2
while other RCTs have shown good response in patient with TGN.123 Further, ST that uses
electric pulses to stimulate C fiber receptors, interferes with pain signal transmission, by
confusing the nervous system ability to sense pain.1>* A non-controlled case series found a
significant reduction in pain scores among 201 chronic pain patients treated with an average
of 10 sessions.1> Further, a RCT in patients with chronic neuropathic pain showed
significantly reduced pain scores compared to the control group.1%°

Finally, neuromodulation is an invasive procedure that involves neuronal stimulation through
device implantation or administration of medications into the nervous system.1%6 Invasive
procedures, such as deep brain stimulation and implantable spinal cord stimulators have
been studied for relief of neuropathic pain in rare cases of intractable neuropathic

pain.156.157 Several case reports have recently been published on their use in post-surgical
NCP.158’159

Ophthalmology. Author manuscript; available in PMC 2018 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dieckmann et al.

SUMMARY

Page 12

The management of patients with NCP remains extremely challenging in clinical practice,
although much progress has been made, resulting increased awareness, diagnostics, and
treatments of these patients. No single therapy will likely be successful and combination
therapy will remain the mainstay of treatment, addressing the various and complex
underlying factors in this disease. There is an urgent need for well-conducted RCTs in this
area. Meanwhile, interdisciplinary treatment with both conventional (e.g. neurology,

PS

ychiatry, and rheumatology) and alternative medicine is suggested.
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Ocular Pain/Discomfort

'

Symptom
Questionnaire (s)

v

Functional Somatosensory Testing:
Proparacaine Challenge Test,
Corneal Esthesiometry
Other Future Nerve Function Tests

'

Clinical Examination,
Assessment of Signs of Ocular Surface Disease

|

Assessment of Ocular Co-
Morbidities (e.g., Meibomian
Gland Dysfunction, Ocular
Allergy, Conjunctivochalasis,
Recurrent Erosion Syndrome)

1

Assessment of Nerve Density
and Morphology by In Vivo
Confocal Microscopy

I > Neuropathic Corneal Pain

Figure 1. Steps for the Assessment of Patients with Neuropathic Corneal Pain
Flow diagram illustrating initial approach to clinical assessment and diagnosis for patients

with neuropathic corneal pain.
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Pain Symptoms IVCM with Nerve Abnormalities

Exclusion of Ocular
Co-morbidities

|

Allodynia, Hyperalgesia, Pain-like
Symptoms: (e.g. Burning, Stinging)

Nerve Abnormalities: Micro-Neuromas,
Beading, Tortuosity, Low Nerve Density

Figure 2. Diagnosis of Neuropathic Corneal Pain

Corneal Neuropathic Pain

Proparacaine Challenge Test
Complete Symptoms No relief or
relief of impw\_red but worse
symptoms persistent symptoms
P

Peripheral Pain

Mixed Combined Pain Centralized pain

Flow diagram illustrating clinical and diagnostic approach for differentiating peripheral and
centralized neuropathic corneal pain.
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Neuropathic Corneal Pain

—

Peripheral Pain Mixed Combined Pain ] [ Centralized Pain }

— Assessment of
Neuroregenerative Systemic Signs and

Therapy & Topical Anti- Systemic Pharmacotherapy Symptoms
Inflammatory Therapy 41—

\ Refer to a Neurologist

I

= - H
Cardio-exercise / Acupuncture/ toelar /B Eincional

Ocular Surface Stress ReductionTherapy, Tests and Potential
Treatment Skin Biopsy

Figure 3. Proposed Treatement Paradigm of Patients with Neuropathic Corneal Pain
Proposed treatment strategy for neuropathic corneal pain.
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A Pre-treatment B Post-treatment

Figure 4.
Corneal laser in vivo confocal microscopy images of patients with neuropathic corneal pain.

Images pre-treatment (A and C) demonstrate presence of micro-neuromas (black arrows),
decreased nerve density and increased tortuosity. Following 4 and 6 months of treatment
with autologous serum tears 8x/day and low dose anti-inflammatory therapy, subbasal
corneal nerve density is increased and micro-neuromas are not present (B and D). Size bar
=100 pm.
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Etiology of Neuropathic Corneal Pain
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1

2

3

4

Ocular Diseases

Dry eye disease* 5 12
Infectious keratitis!3

Herpetic keratitis23 38
Recurrent erosion syndrome®3
Radiation Keratopathy3

Trauma?

Post-Surgicall- 12

Refractive surgery

Cataract surgery®

Systemic Diseases

Small-fiber polyneuropathy* &

Fibromyalgia* &

Trigeminal Neuralgia®

Medication-induced neuropathy (chemotherapy)

Auto-immune condition (Sjégren’s syndome, Lupus, Sarcoidosis, Inflammatory bowel disease, Celiac disease)*
Diabetes* 14

Oculofacial pain®

Co-morbidities

Anxiety!2
Depression!2 69

Post-traumatic stress disorders!?
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Table 2

Topical Treatments for Neuropathic Corneal Pain
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Topical Agent

Mechanism of Action

Pathology

Efficacy, Level of
Evidence

Autologous Serum Tears 20%

Neurotrophic factors: NGF,
substance P, insulin-like growth
fator-1

Injured nerves and epithelial
cells

MLE, Level 3 and
46.44,50-65

Corticosteroids (e.g., Loteprednol 0.5%)

-Anti-inflammatory

-Inhibit leukocyte migration

- Inhibit cytokines, prostaglandin
and leukotriene synthesis

Ocular surface inflammation

HLE, Level 175-81

Cryopreserved Amniotic Membrane

-Anti-inflammatory
-Neurotrophic

Ocular surface inflammation

MLE, Level 3949

Bandage contact lens, Scleral Lens

-Protective effect against the
environment triggers

Ocular surface injury

MLE, Level 2103-108

Artificial tears (Preservative free,
Emulsion-based)

Decrease tear osmolality — dilution
Protective mechanism in
evaporative dry eye

Ocular surface disease

HLE, Level 189

HLE- High Level of Evidence

MLE- Medium Level of Evidence

MGD - Meibomian Gland Dysfunction

NGF- Nerve Growth Factor

Ophthalmology. Author manuscript; available in PMC 2018 November 01.



Page 26

Dieckmann et al.

uolsuapadAy jopewresy Jo asn
slapiosip onedaH

uonednsuod
‘ured [euiwopge
‘easneN

AKep/aom b 09

AKep/Bui 0g

1011yl eIdnal sUI[eUSIPRIOUUILOI0IS

6ET—LET 13
aunexo|ng

(s10mqgiyui axeidnal
aUI|BUSIPRIOU-UIUO0I0ISS)

Aouaiounsul [eual Ul asop paonpay

ewapa [esayduad
‘ssaulzzip
‘uonepas

AKep/bw 00g
Kep/Bw 00v2

Altep e 801m)
Bwgy 1o Aep/sawn
daiyy Bwpg
Aep/sawin

a3y} Bw 00€-00T

UOITZINSUBSS [B43UD 9SB8I99P UIIYM ‘S|auueyd
winioea payeh-abeljoA Jo 1uNgns g sy} Uo 10y

eIbeAwolqy

pue ured s1yredoinau

0 Juswieal) Joy panoldde-ya4
9eT-92T ‘€TT 'Jod
(wues|nauodnUY) ulfeqebald
e1bjeinau anadiay-1sod

10 Juswieal) Joy panoidde-vya4
(siues|nAuodnUY) unuadeqes)

- spuefl] Q- © [auueyd WNIoRD

Seby aulT-paIyL

suaired AjJap|a ul Juessaidapnue pue
3S11 3PIDINS ‘asnae aouelsgns 0 A10ISIH

30Us|oUWOS
pue ‘sssuizzip
‘uoirednsuod
‘Buniwon ‘easneN

paress|ol se sAep /—¢
KJana sasop papIAIp
ut Aep/B 00T

AKep/Bwog

Jonauyur

ayeidnal auiwreouow pue isiuobe Joydadal-1l

ured

a1anas Ajarelapow 0} arelapowl
10 JuawWieal} 1oy panoidde-va4
SCT'TTIT'0TT ‘43

(1s1u0By pro1do) jopewes L

sbnip anissaiddnsounwiwii
10 asn pue juejdsuesy uebio 1sed

Apixue

pue e1psedAyoe]
‘sasewnybiu
‘swealp

PIAIA ‘aydepesH

awnpaqg/bw Gy

awin paq e bw G'T

sJ01daoal

proido-x pue pioido-t - 3siuoBejue proido
Auanoe [erjfosoiw Bunenpon

sau014a Asorewwreyuioid ayy Buionpas

‘198))8 AJOJeWILLBJUITIUR UR SBY SBSOP MO| 1Y

uonoIppe [oyodJe pue Bnip Jo
juawieasy Joy (bw oog 01 Bw 0g)
sasop Jaybiy 1e panoidde-ya4
YZ1-¢2T 19

(3s1uobeiuy

proidQ) auoxaljeN 8s0g-mo

Sjueby aUl17-puU0IeS

eise|diadAy oneisold
ain|re feusy
aseasip o1reday Jo Jeipre)

easneu pue
ysel ‘ssauizziqg
‘ayoepesy
‘ssauIsmoId

$350D £-Z Ul PIpIAID

Japiosip
Jejodiq Jo seposida paxiw pue
oluew pue ‘eibjeinau jeurwabii
‘Asdayida 10} panoidde-ya4
TZT'02T '}y

S10JIqIYul OWIAl 4O 8sn JUeWOdU0D ‘elwalyeuodAH ‘Aep/Bwi08-00 Ajrep Bwooz 18X/20]q —[3uUUBYD WNIPOS (Jues|nAuodNUY) suidazewreqie)
uo1ssaidap 4o swoldwAs

0 Juswiealy Joy panoldde-ya4

ureb are auiweldisag/aulAidunoN

ybB1am ‘s10aya 6TT-CTT 'J3y

abe Jo sieak a1fiauijoyonue 3]qe|leAe 10U aJe A1epuodas

G9<S)|Npe ul pIoAe aq pinoys sasop YbiH ERTE TN e J1 AJuo SyD 1 aulwe Aeiusy
J19pJosIp 8Inz1as ‘uonednsuod awnpaq $19843 216J3UI]0Yd1IUER pUR BpEXI0|q [Buueyd | e asn aulweldisaq ‘auljAdinoN

pue ewouape J1jeso.d ‘aseasip Jeipie) ‘yinow A1Q awnpaq 1e bw oot 1e Bw GZ-0T WwiNIpos ‘uoniqiyul axeldnal suIWeouoN (swuessaldapnuy 211940141 )
Siueby aul-1s414

SUOIeIIPUIRIIU0I pUR UoIINedald 10943 apIS abesop wnwixe abesop Bunaeis Uonoe JO WISIUBYIBIN (sse[o) uonealpalN

Author Manuscript

€ 9lqeL

Author Manuscript

ured [eaulo) aiyredoinap 1o} Adelaylodeweyd d1wa1sAs

Author Manuscript

Author Manuscript

PMC 2018 November 01.

in

available

Ophthalmology. Author manuscript;



Page 27

Dieckmann et al.

1999
apIsS UOWWOI
19848p UOIIINPUOI JeINJLIUsARIUL 1s0W ay) si
10 UooUNYSAp apou snuis | SnLISeD ‘ssaupaln

ain|re) Ueay aianas | ‘saouequmisip das|s

Juswuredwi onedaH | ‘eyoepeay ‘easneN

Kep/bw 679

Kep/Bw 6/9-Gzz

SlwyIAyYLe-1ue gj ssejd
anbojeue aureaopi]
18x90|q [auueyd wnipos payeh-abelon

BIWYIAY.Ie JRIpIRD

10 Juswieasy 1oy panoidde a4
0vT "oy

(1250019

[uUBYD WNIPOS) BUNB|IXBIN

eibjeAwolqyy pue ured
o1yredoanau jeaydiiad onaqelp
10 JuawWieal} 1oy panoidde-wva4

SUOIIBIIPUIRIILO0D PUR UOIINEIDId s10833 9pIS

abesop wnwixe

abesop Buniels

UOI9e JO WISIUBYIBIN

(sse[d) uonealpan

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Ophthalmology. Author manuscript; available in PMC 2018 November 01.



	Abstract
	INTRODUCTION
	METHODS
	PATHOPHYSIOLOGY OF NEUROPATHIC CORNEAL PAIN
	MANAGEMENT OF PATIENTS WITH NEUROPATHIC CORNEAL PAIN
	Diagnosing Neuropathic Corneal Pain
	Ocular Pain Questionnaires to Assess Symptoms
	Functional Somatosensory Testing
	The Proparacaine Challenge Test
	Corneal Esthesiometry

	Clinical Examination
	In Vivo Confocal Microscopy to Confirm Corneal Nerve Damage

	Therapeutic Strategies for Patients with Neuropathic Corneal Pain
	Neuro-Regenerative Therapy
	Autologous Serum Tears (AST)

	Anti-Inflammatory Therapy
	Ocular Surface Rehabilitation and Managing Co-Morbidities
	Self-Retained Cryopreserved Amniotic Membrane (CAM)
	Protective Contact Lenses

	Systemic Pharmacotherapy
	First-Line Agents
	Tricyclic Antidepressants (TCAs)
	Anticonvulsant Carbamazepine (CBZ)

	Second Line Agents
	Low-Dose Naltrexone (LDN)
	Tramadol

	Third Line Agents
	Calcium channel α 2-δ ligands
	Serotonin-Norepinephrine Inhibitors (SSNRIs)
	Sodium Channel Blocker (Mexiletine)
	Lifestyle Changes


	Alternative Therapy


	SUMMARY
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1
	Table 2
	Table 3

