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Abstract

Purpose of Review: To review the pathophysiology and treatment of ocular itch and pain,
encompassing nociceptive and neuropathic categories.

Recent Findings: Ocular itch and pain are sensations that arise from activation of ocular
surface polymodal nerves. Nociceptive itch, commonly comorbid with ocular pain complaints, is
mainly driven by a histamine-mediated type 1 hypersensitivity reaction. Beyond topical therapy,
novel drug delivery systems are being explored to improve ocular residence time of non-steroidal
anti-inflammatory drugs (NSAIDs) and antihistamines. Nociceptive ocular pain can be driven by
a variety of factors. Treatment focuses on addressing the causative sources of pain. Neuropathic
ocular itch and pain are driven by nerve damage and dysfunction and as such, topical and oral
neuromodulation have been explored as treatments. Oral neuromodulators include alpha 2 delta
ligands, tricyclic antidepressants (TCAs), and low dose naltrexone. Novel therapies are being
evaluated for both modalities such as difelikefalin (x-opioid receptor agonist) for neuropathic itch
and libvatrep (TRPV1 antagonist) for neuropathic pain.

Summary: Both ocular itch and pain can be driven by nociceptive and/or neuropathic
mechanisms. ldentifying contributors to abnormal ocular sensations is vital for precise medical
care. Novel therapeutics for these conditions aim to improve patient outcomes and quality of life.
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Introduction:

The sensations of itch and pain, two distinct types of sensory symptoms, can have a
significant impact on quality of life. These sensations can be experienced in the presence
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of ocular surface diseases. Ocular itch, a common symptom reported in individuals with
allergic conjunctivitis (AC) and Demodex infestation, can also be experienced outside

the purview of ocular surface disease and in this setting, is thought to have neuropathic
contributors (2, 3, 4). Ocular pain can be described using various terms, commonly
“dryness”, “grittiness”, “aching”, “tenderness”, and “burning”, to name a few (5). It can
be seen in the setting of various ocular surface diseases including aqueous tear deficiency,
Meibomian gland dysfunction, and anatomic abnormalities (pterygium, Salzmann nodule),
but also independently of notable ocular surface disease. Neuropathic contributors to

pain are thought to be involved in the latter scenario. Despite quality differences, shared
mechanisms between ocular itch and pain include inflammation, immune system activation,
and nerve abnormalities. In this paper, we explore the immunologic and neural basis of
ocular itch and pain and discuss current and potential treatments for these symptoms. By
gaining a better understanding of the immune and nervous systems’ role in ocular itch

and pain, we hope to identify new strategies that can improve diagnosis, treatment, and
management of these challenging conditions.

Nociceptive Itch and Nociceptive Pain

Nociceptive Itch of the Ocular Surface

Ocular itch, a common symptom of various eye-related conditions, causes a subjective
feeling of discomfort or irritation through environmental, mechanical, psychological, and
immunological factors (6). Our focus is on the impact of immunological mediators in the
context of allergic conjunctivitis, an inflammation of the conjunctiva that occurs when
exposed to an external allergen. The two most common subsets are seasonal allergic
conjunctivitis and perennial allergic conjunctivitis. Seasonal allergic conjunctivitis usually
happens in spring, summer, or fall due to allergens such as grass and tree pollen. Perennial
allergic conjunctivitis, on the other hand, occurs throughout the year and is often triggered
by indoor allergens like pet hair, mold, and dust mites (7, 8).

Molecular Components of Nociceptive Itch

The symptoms of seasonal and perennial allergic conjunctivitis are driven by a type 1
hypersensitivity reaction. In seasonal allergic conjunctivitis, outdoor allergens are triggers
for this reaction, while in perennial allergic conjunctivitis, indoor allergens are responsible.
Initially, in both cases, the allergens interact with IgE molecules on mast cells' surface,
causing degranulation of mast cells and subsequent release of proinflammatory molecules
like histamine. These molecules are the main culprits behind the itching and tearing of the
eye (1, 9).

Furthermore, in the case of perennial allergic conjunctivitis, due to continued exposure

to the allergen on the ocular surface, the primed mast cells' IgE-FcerRL complexes are
constantly cross-linked. This ongoing process leads to persistent mast cell degranulation and
the continued release of histamine (1, 9, 11).

Mast cells also produce and secrete various pro-inflammatory mediators, such as cytokines
(IL-4 / TNF-a), chemokines, and arachidonic acid metabolites, through de novo synthesis
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(12). Cytokines such as IL-4 have been implicated in the involvement of mast-cell mediated
allergic reactions (13). Prostaglandins are also known to cause local inflammation through
their vasodilatory effect (14). In a study on vernal keratoconjunctivitis (VKC), tear samples
were collected from five VKC patients and five healthy controls to measure the levels of
Prostaglandin E2 (PGE2). Results showed a statistically significant elevation (p < 0.04) in
the average tear PGE2 level in VKC patients (190 pg/mL) compared to control subjects
(6.0 pg/mL). After a 4-week treatment of ketotifen fumarate and dexamethasone, the PGE2
levels were reduced in the VKC patients to a mean of 62.6 pg/mL (p < 0.04), along with

a decrease in symptoms (15). These findings suggest that molecules involved in allergic
processes contribute to ocular itch in individuals with allergic ocular surface disease.

Treatment Approaches of Nociceptive Itch

Despite affecting up to 40% of the US population, allergic conjunctivitis is underdiagnosed
and undertreated. Improving an individual’s quality of life, reducing recurrences, and
preventing potential complications highlight the importance of early detection and
management of allergic conjunctivitis (16, 17). Though primarily diagnosed clinically,
suspicions can be complemented with laboratory tests such as skin allergy testing or IgE
level detection in tears (18).

Non-pharmacological treatments for allergic conjunctivitis aim to reduce allergen interaction
on the ocular surface by methods such as wearing large protective eyeglasses or using a

high efficiency air (HEPA) filter. Also frequently washing clothes and bedding can reduce
encounters with triggers like dust mites and pet dander (1, 16). Cold compresses aid by
vasoconstricting vessels in the conjunctiva to reduce hyperemia and edema. Lastly, artificial
tears help flush the ocular surface of allergens. However, non-pharmacological methods
have shown varying degrees of efficiency causing most patients to rely on pharmacological
options (16, 19).

Pharmacological therapies for allergic conjunctivitis include antihistamines, mast cell
stabilizers, NSAIDs, and corticosteroids to name a few. Topical antihistamines, such as
olopatadine, alcaftadine, and epinastine, competitively inhibit histamine receptors. While
topical agents provide acute relief, their short therapeutic timeframe requires frequent dosing
to achieve sustained relief leading to decreased compliance (1, 20).

Mast cell stabilizers like lodoxamide, tromethamine, and pemirolast potassium inhibit mast
cell degranulation, reducing symptoms by blocking the release of histamine and other
factors. However, these treatments are limited to prophylactic use and cannot provide
retroactive relief of acute symptoms (3, 21). Combination solutions of mast cell stabilizers
and antihistamines, such as ketotifen, bepotastine, and olopatadine overcome this limitation.
Bepotastine, a newer combination medication, provides relief within 15 minutes and up

to 8 hours after administration (1). NSAIDs block prostaglandin release for symptomatic
relief but should be used short-term due to potential adverse effects such as corneal
ulceration and keratitis (1, 22). Corticosteroids, such as prednisolone and dexamethasone,
primarily alleviate symptoms by exerting anti-inflammatory effects. These effects involve
the inhibition of histamine production, the upregulation of anti-inflammatory mediators,
and the suppression of histidine decarboxylase activity, which is necessary for histamine
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synthesis in mast cells (1, 23). However, due to their immunosuppressive effect and safety
concerns, including increased infection risk, cataract development, and raised intraocular
pressure, chronic use should be limited (24, 25).

Eye drops are effective for managing ocular diseases but anatomical barriers, including the
tear film's lipid and aqueous mucin layers, hinder drug diffusion. Additionally, eye drops
trigger a rapid tear secretion rate of 1.2-2 pl/minute that increases by 100-fold with reflexive
blinking, in turn decreasing drug bioavailability (26, 27, 29). Additionally, older individuals
may face compliance issues due to decreased manual dexterity when applying eye drops
(32).

Researchers aim to overcome these challenges by enhancing drug bioavailability and
therapeutic efficacy for ocular diseases. Contact lenses have been an exciting novel drug
delivery system to achieve a consistent and prolonged release of medication, with increased
residence time and bioavailability (28). A study in rabbits compared the effectiveness of
bromfenac loaded lenses to bromfenac eye drops for drug delivery to the eyes. Results
showed 26 times higher bioavailability and 155 times higher residence time with the lenses,
suggesting a promising solution to challenges of administering drugs solely through eye
drops. (33, 34).

Johnson and Johnson launched Acuvue Theravision in 2022, a daily disposable contact
lenses loaded with the NSAID ketotifen. A randomized control study was conducted with
three groups of established lenses wearers with a history of ocular allergies. Group 1 (41
patients) received the test lenses in one eye and the control lenses in the other, group 2 (39
patients) received test lenses bilaterally, and group 3 (40 patients) received control lenses
bilaterally. The subjects underwent the conjunctival allergen challenge (CAC) test, and their
ocular itch scores were recorded at different time intervals. The lenses loaded with ketotifen
(average itch score of 0.71, p < 0.001) were found to reduce ocular itch compared to control
lenses (average itch score of 1.83, p < 0.001), while providing appropriate vision correction
(28, 35).

To conclude, most of the treatment of nociceptive itch focus on targeting molecules and cells
shown to mediate itch, namely histamine, mast cells, and prostaglandins. Current therapies
provide these therapies via topical medications, but studies are underway to deliver products
in novel ways that increase contract time and provide a more stable and long-term release.

Pain of the Ocular Surface

Etiologies of nociceptive pain at the ocular surface arise from sources such as acute trauma
(by a foreign body, ultraviolet keratitis, or chemical injury) or chronic insults (aqueous

tear deficiency, anatomic disturbances such as entropion, ectropion) (36). Nociceptive

ocular pain can also be co-morbid with systemic conditions, such as Sjégrens and graft-
versus-host disease (GVHD), diseases that often present with aqueous tear deficiency,

ocular surface inflammation, and epithelial disruption (36). Treatment of nociceptive ocular
pain focuses on addressing the acute injury (e.g., removal of a foreign body) and/or the
chronic insults noted on exam (e.g., addressing ocular surface inflammation, fixing anatomic
abnormalities).

Curr Opin Allergy Clin Immunol. Author manuscript; available in PMC 2024 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Raolji et al.

Page 5

Neural Ocular Surface Anatomy and Its Relationship to the Development of

Neuropathic Itch and Pain

The cornea, a densely innervated structure, is supplied with sensory innervation mainly

by ophthalmic branch of the trigeminal nerve (37, 38). These branches comprise of
unmyelinated C-fibers and some sparsely myelinated A6 fibers (37, 39). The nerves

contain receptors which include about 70% polymodal nociceptors such as polymodal
C-nociceptors (PmC) which are responsible for sensing thermal, chemical, and endogenous
inflammatory mediators; 15% are mechanonociceptors such as As-mechanoreceptors which
sense mechanical stimuli; and another 15% are thermoreceptors such as C-fiber cold
thermoreceptors for sensing a decrease in temperature below 33°C (40, 41). Myelinated A8
fibers propagate signals at about 20 meters/second while un-myelinated C fiber propagate at
around 2 meters/second (42, 43). Transient receptor potential (TRP) channels, particularly
transient receptor potential vanilloid 1 (TRPV1) and transient receptor potential ankyrin 1
(TRPAL), are cation channels on the terminal endings of polymodal nociceptors, that play

a crucial role in allergic and pain responses and symptoms (45, 46). The ocular surface
nerves continuously sense their environment and their activation leads to the sensation of
itch and pain (36). Ocular surface nerves undergo changes in their structure and/or function
after acute or chronic injury (e.g., acute surgical trauma, chronic aqueous tear deficiency,
chronic ocular surface inflammation). Neuroplasticity of the primary sensory neurons of the
peripheral nervous system, termed peripheral sensitization, and spinal cord/brain, termed
central sensitization, contribute to the development and maintenance of neuropathic itch and
pain, with decreased thresholds and enhanced responses to stimuli noted (5, 47).

Neuropathic Itch and Neuropathic Pain

Neuropathic Itch of the Ocular Surface

Unlike nociceptive itch, neuropathic itch is typically a non-histamine mediated process

that occurs from dysregulation and damage of sensory neurons which transmit signals
between the eye and the brain (37, 47). Such dysregulation occurs from the impact of
endogenous inflammatory mediators, nerve compression, or degeneration of fibers through
disease processes such as chronic allergic conjunctivitis, trigeminal neuralgia, or tumors (48,
49).

Molecular Components of Neuropathic Itch:

Many factors contribute to a phenotype of chronic neuropathic ocular surface itch. In

this review, we focus on mechanisms caused by chronic exposure to immune factors,

such as with chronic allergic conjunctivitis. As noted above, persistent exposure to
immunological mediators leads to modulation of sensory nerves. Mast cell degeneration
releases pro-inflammatory factors that can change the function of TRPV1 ion channels,
ultimately lowering their activation thresholds. While histamine typically mediates TRPV1
activation, studies conducted in mice suggest that the cytokine IL-31 can also activate

these channels. In fact, when researchers injected IL-31 intrathecally into the cerebrospinal
fluid at the lumbar level of mice deficient in TRPV1 and into control mice, the TRPV1-
deficient mice scratched less, suggesting a histamine-independent activation of TRPV1 (50).
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Neuropeptides, substance P and nerve growth factor (NGF), contribute to neuropathic itch
by interacting with mast cell receptors to cause additional degranulation creating a cycle

of repetitive mast cell degranulation, release of pro-inflammatory mediators, nerve damage,
and sensitization, ultimately leading to chronic neuropathic itch (47, 51, 52).

Treatment Approaches and Future Directions for Neuropathic itch:

Antihistamines have limited effectiveness for neuropathic itch caused by nerve dysregulation
or damage (49). It is not yet known which therapeutic approaches are best for managing
neuropathic ocular surface itch. However, therapeutics approaches outside the purview of
the ocular surface may prove to have benefit. For example, gabapentin, used to manage
pruritus in chronic kidney disease, idiopathic itch, and trigeminal trophic syndrome, blocks
the a.2-8-subunit calcium channels in nociceptive neurons, preventing depolarization (53,
54, 55). However, large studies are lacking. Antidepressants like mirtazapine, paroxetine,
and doxepin have also been shown to have antipruritic effects caused by diseases such as
polycythemia vera, atopic dermatitis, and somatoform pruritus (56, 57, 58).

Some newer molecules are being explored in clinical studies. A randomized, masked,
placebo-controlled study (NCT03422653) was conducted in 378 hemodialysis patients with
pruritus to assess the efficacy of x-opioid receptor (KOR) agonists (difelikefalin), in the
management of chronic itch. Using The Worst Itching Intensity-Numerical Rating Scale
(WI-NRS, scale 0 to 10), a baseline itch level was established. Intravenous difelikefalin 0.5
na/kg or placebo, delivered into the venous port of the dialysis circuit, after hemodialysis
sessions, three times a week for 12 weeks, showed that 49% of individuals in the test
group experienced a decrease of =3 points in itch compared to 28% in the placebo group
(p < 0.001) (59). Another compound being explored for chronic itch is oral dronabinol, a
synthetic form of tetrahydrocannabinol (THC). In one case, a patient with a chronic itch
history resulting in multiple wounds experienced a significant reduction in itch score from
10 to 0-1 on a visual analog scale with the use of 2.5 mg of oral dronabinol (twice daily)
after other methods failed (60). However, it is not known which, if any, of these molecules
will be effective for the management of chronic neuropathic ocular surface itch.

Neuropathic Pain of the Ocular Surface

Neuropathic pain is a pain syndrome caused by a variety of diseases or lesions that affect
the somatosensory nervous system (61). As applied to the ocular surface, this involves
changes in the structure and function of peripheral (corneal and conjunctival) and central
nerves in the trigeminal pain pathway. Based on this definition, it becomes apparent that
neuropathic itch is closely related to neuropathic ocular surface pain. Neuropathic ocular
pain can be perceived by patients in various ways, often described as burning, but also as
“sharp, stabbing”, “stinging”, or “itching”(62). As noted above, neuropathic sensations can
also include itch. Hypersensitivity to pain is often seen in neuropathic pain, with moving air
and light as common triggers for ocular pain (63). Neuropathic ocular pain (NOP) is often
co-morbid with chronic non-ocular disorders, such as migraine and fibromyalgia (64, 65,
66).
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Molecular Components of Neuropathic Pain:

A peripheral nerve injury is often the inciting cause of neuropathic pain. One of any
number of insults can lead to peripheral nerve changes (e.g., sensitization) in susceptible
patients, including ocular surgery, infectious keratitis, chemical injury, or tear instability,

to name a few (67). Damaged epithelial cells release inflammatory mediators (IL-2,

IL-4, IL-5, IL-6, IL-8, IL10, and tumor necrosis factor (TNF)) along with damaged
peripheral neurons (substance P, calcitonin gene-related peptide (CGRP), and glutamate).
These mediators activate TRPV1 and TRPAL receptors on neighboring neurons which

can induce the increased release of substance P, CGRP (47, 68, 69). Over time, a
pro-inflammatory state can become self-propagating involving the continuous release
bradykinin, prostaglandins, serotonin, and histamine which not only bind on neighboring
nerve cells, but also surrounding tissue (47, 68, 70). The pro-inflammatory state induces the
release of neurotrophins, like nerve growth factor (NGF), which upregulate the production of
substance P and glutamate, and increase the expression of TRPV1 on the neuronal surface
(47).

Central sensitization can follow these events by elevated substance P levels binding

to G coupled neurokinin 1 receptors (NK1R) while elevated glutamate and other

excitatory amino acid levels binding to N-methyl-d-aspartate receptors (NMDAR), and
a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors (AMPAR). The activation
of NK1R, NMDAR, and AMPAR, leads to intracellular calcium release that increases the
phosphorylation, production and insertion of excitatory ion channels on sensory neurons
membranes (68, 70). This change in peripheral nerve structure and function can over time
lead to changes within central nerves, leading to central sensitization.

Treatment Approaches and Future Directions for Neuropathic pain

Even individuals with neuropathic pain have a nociceptive source of pain which must

first be addressed. If pain is not adequately managed, then neuromodulatory strategies are
considered to reduce peripheral and central nerve sensitivity. Targeting inflammation is a
first line therapeutic strategy as inflammation and neuropathic changes are closely related
(70). Topical neuromodulators are used for individuals with a peripheral component to
pain (determined by the anesthetic challenge in which pain significantly improves after
placement of topical anesthetic). One option is topical nerve growth factor, used for the
treatment of neurotrophic keratitis (lack of corneal sensation), is now being explored for
the treatment of peripheral neuropathic pain (71). TRPV1 activation plays a central role

in mediating neuropathic pain. Various animal studies show that reducing expression or
activation of TRPV1 via antagonism or downregulation creates analgesic effects (72). A
recent clinical trial with the TRPV1 antagonist SAF312 (libvatrep) explored the impact of
this agent in addressing chronic post-surgical ocular pain. Prior studies have demonstrated
that TRPV1 antagonists can reduce acute ocular surface pain, as well. In 40 patients

with post—photorefractive keratectomy (PRK) pain, average pain was measured from 0-12
hours after surgery with the visual analog scale (VAS). At both 6 hours post operatively
(p=0.005) and over 0-12 hours (p=0.017) the mean VAS score was reduced by 25% and
22% respectively. Patients also reported taking less oral rescue medication between 0- and
72-hours post operation (73).

Curr Opin Allergy Clin Immunol. Author manuscript; available in PMC 2024 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Raolji et al.

Page 8

Oral neuromodulators can be considered in individuals with a suspected central component
to pain, that is, persistent pain after topical anesthesia placement and/or cutaneous allodynia
(pain to light touch around the eye). Pregabalin and gabapentin have been used in this
regard with some success. Within a case series involving eight individuals, gabapentin

and pregabalin were administered in varying doses. Gabapentin was started at 300mg oral
(daily) and titrated up to 600-900mg (thrice a day), while pregabalin was started at 75mg
oral (daily) and titrated up to 150mg (twice a day). Two individuals experienced complete
relief from pain, three had marked relief, one experienced mild relief, and two showed

no improvement (74). In the study, patients with marked relief also took oral serotonin
norepinephrine reuptake inhibitors (SNRIs), suggesting a multifaceted approach could
benefit those with chronic ocular surface pain. (74, 75). Tricyclic antidepressants (TCA)
have also been used with success. In one study evaluating the effect of oral nortriptyline

at a dose of 10mg titrated up to 100mg on neuropathic corneal pain in 30 individuals,

mean ocular pain decreased significantly from 5.7 + 2.1 t0 3.6 £ 2.1 (p < 0.0001). Forty
percent of patients had equal to or more than 50% improvement in pain (76). Low dose
naltrexone (LDN) is often added as an adjuvant therapy to the above neuromodulators. In

a case studying LDN as a monotherapy or as an adjunct in therapy, LDN resulted in 49%
decrease on mean ocular pain score in 59 patients treated with 4.5mg of oral LDN (77). With
a comprehensive approach combining LDN with traditional topical management patients
reported a decrease in pain score with a 5.79 £ 0.30 at the first visit to 3.70 + 0.74 at the last
visit on the ocular pain assessment survey (OPAS) questionnaire (77). There was also better
reported quality of life improving from 5.84 + 2.57 at the first visit to 3.77 + 2.91 at the

last visit (77). Other strategies currently being used to treat neuropathic ocular pain include
transcutaneous stimulation and botulinum toxin (78, 79).

Other compounds are being investigated in clinical trials for the treatment of neuropathic
ocular pain. One such compound is PL265, an inhibitor of enkephalinase, that has been
shown to reduce corneal inflammation and decrease neuronal injury marker (ATF3) in

the afferent sensory neurons in the trigeminal ganglion. Administration of 10 pL at 10

mM topical PL265 on healthy corneas did not have any effect on corneal mechanical or
chemical sensitivity. However, when tested on murine models of corneal pain, repeated
application of PL265 resulted in a significant reduction of corneal mechanical and chemical
hypersensitivity in mouse models of corneal pain (80).

Conclusion:

Both ocular itch and pain arise from nociceptive and neuropathic etiologies (Figure 1).
Nociceptive ocular itch manifests as an allergic response predominantly mediated by mast
cells while nociceptive ocular pain occurs via activation of diverse sensory neurons from
factors including trauma, aqueous tear deficiency, and abnormal ocular surface anatomy.
Prolonged nerve stimulation in both settings can cause peripheral and central abnormalities,
resulting in neuropathic pain and/or neuropathic itch. A push to better understand
mechanisms that contribute to the acute to chronic pain transition, molecules involved in
the maintenance of chronic pain, and diagnostic strategies to identify neuropathic pain will
hopefully lead to improved treatment strategies that deliver personalized targeted therapies.
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As exploration continues in addressing ocular itch and pain, further characterization of these
abnormal sensations can help guide diagnostics and treatment strategies.
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Key Points:

Pain and itch within the ocular surface can arise from nociceptive or
neuropathic origins.

Itch, when nociceptive in origin, is most often driven by an IgE mediated type
1 hypersensitivity reaction.

Nociceptive itch is managed by controlling inflammation and release of pro-
inflammatory mediators with antihistamines, mast cell stabilizers, non-steroid
anti-inflammatory drugs, and corticosteroids.

When neuropathic in origin, itch is driven by nerve dysregulation and damage
through non-histamine dependent pathways. As such, antihistamines have
limited therapeutic benefit but gabapentin and antidepressants have shown
some efficacy. Further research is needed to develop management strategies
for neuropathic itch.

Nociceptive pain on the ocular surface can stem from acute or chronic insults
that disrupt the tear film and epithelial layer. Current treatment relies on
removing the caustic agent or treating the underlying disease.

Neuropathic ocular pain occurs due to a lesion or disease of the
somatosensory nervous system in peripheral and/or central nerves of the
trigeminal nerve pathway.

Topical and oral neuromodulators have been used to treat neuropathic ocular
pain but more research is needed on therapeutic strategies for the condition.
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Figure 1.

Understanding the Triggers and Progression of Sensory Experiences: A Flowchart of
Nociceptive Itch, Neuropathic Itch/Pain, and Nociceptive Pain

Figure 1 is a flowchart that provides a simplified overview of the complex sensory
experiences associated with three categories: Nociceptive Itch, Neuropathic Itch/Pain, and
Nociceptive Pain.

Nociceptive itch is usually triggered by an external allergen, such as pollen or dust mites,
which leads to a Type 1 hypersensitivity reaction. This causes mast cells to release pro-
inflammatory mediators, including histamine, resulting in an inflammatory response that
ultimately leads to the sensation of itch.

Nociceptive pain is caused by noxious stimuli, such as acute trauma, aqueous tear
deficiency, or anatomical disturbances, which lead to the depolarization of first-order
afferent neurons. This ultimately sends a signal through the trigeminal nerve (V1) to the
primary somatosensory cortex, resulting in the feeling of pain. Nociceptive itch and pain
most often resolve when the offending insult is removed.

Neuropathic itch and pain occur due to damage and/or dysregulation of the peripheral and/or
central sensory nerves/pathways. Continuous release of pro-inflammatory mediators and/or
persistent depolarization of the primary afferent neurons can result in neuropathic itch, pain,
or both which can persist despite resolution of the initial insult.
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