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Ocular surface inflammation 
• The ocular surface is a complex structure responsible 

for visual function and for protection of the eye against 

external insults.

• Comprising a variety of disorders on cornea, eyelid, 

conjunctiva, lacrimal apparatus and tear film, there are 

countless triggers of ocular surface inflammation.

• One of the main goals of ocular surface treatment is 

to control the inflammatory reaction in order to preserve 

corneal integrity and transparency.



Types of inflammation

• Allergic inflammation: cytokines, kemokines, 

histamine, etc!

• Inflammation in dry eye: mediators, 

hyperosmolar stress, etc!

• Ocular surface toxicity: medications, 

preservatives!

� Neurogenic inflammation: neuropeptides 

(SP, CGRP, NPY, VIP)
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Inflammation in Dry  Eye

Healthy tear film Dry eye

Mediators in tears are the the main actors of dry eye-
related inflammation
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Inflammation � Pain



CORNEAL INNERVATION

• Corneal sensory 

innervation is the richest 

of the human body (100+

times more than than 

the tooth pulp)

• The cornea is an 

avascular tissue 
depending on sensory nerves not only for mechanical

sensitivity but also for its trophic support

• Three types of sensory nerves: mechanic (20%), chemical 
(70%), cold fibers (10%).

Mechanical sensitivity testing is NOT sufficient!



Corneal sensitivity testing

• Mechanical stimulation of the corneal epithelium with a 

cotton thread: 

- Complete anhesthesia: no feel, no blink

- Hypoesthesia: feeling without blinking

- Normoesthesia: blink at every touch

• In the last 50 years corneal sensitivity testing was based only 

on mechanical stimuli. 

Improvement of cotton-thread test ���� Cochet-Bonnet 

esthesiometer (0-6mm nylon thread)



Belmonte esthesiometer
• Nociceptive corneal sensation evoked by:

- Mechanical stimulus (air)

- Chemical stimulus (CO2)

- Thermal stimuli (hot / cold air)

• Possibility to investigate all the 

different corneal nerve fibers

• Possibility to understand

roles of any kind of 

corneal hypo/hyperesthesia on the

patogenesis of ocular surface disease, adjusted to peculiar
characteristics of each patients
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Neurogenic inflammation

- Inflammation that results from the release 

of substances from primary sensory nerve 

terminals. 

- These neuromediators act on target cells 

and exert their biological activity on MC and  

immune cells to sustain inflammation

(Richardson 2002).





Not only allergens but any kind of noxious 
stimulus can induce neuropeptides’ release 

from corneal nerve endings





The neuropeptides substance P (SP)

and Calcitonine gene-related peptide 

(CGRP) are considered to be the major 

mediators of neurogenic inflammation 

and pain.

Bornes 2001, Groneberg 2004



SUBSTANCE P  (SP)

Substance P induces pain, vasodilation,

increase in vascular permeability, 

stimulation of mast cell, B-T lymphocytes 

chemoattactant for Eos (Lambiase et al 1998, 2013)

Substance P is produced by eosinophils 

monocytes, macrophages, lymphocytes

and dendritic cells (Lai 1998)



SUBSTANCE P  (SP)

• Is present in the cornea 

in physiologically 

relevant concentrations

• Its is a 11 amino acids 

peptide generally 

associated with intense, 

persistent, or chronic 

pain. 

Substance P (SP) positive nerve fibers



Substance P and Pain

• Nociceptors in the damaged area initiate a 

sensation of pain. 

• These receptors are stimulated after damage 

due to a release of chemicals to which they 

are sensitive. In the cornea, these receptors 

are primarily chemical sensors, but they also 

respond to mechanical and thermal 

stimulation. 

• After stimulation, they send receptor 

potentials, which in turn trigger afferent action 
potentials.



Inflammation � Pain
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CGRP positive nerve fibers in the subbasal plexus



CGRP
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� Sensory neuropeptides are the main actors of 

neurogenic pain during ocular surface inflammation.

� Possible strategy for pain management at the 

(inflammed) ocular surface?

- Depletion of neuropeptides: topically applied capsaicin 

has been successfully used to reduced periocular post-

herpetic pain induced by substance P released by 

damaged sensory nerve terminals.

- However, capsaicin may reduce corneal sensitivity �

reduce inflammation to recude of pain!

Conclusions



- Steroids: for chronic use loteprednol preferable (better 

IOP control)

- Ciclosporin-a: FDA-approved, not

yet approved by EMA

- Tacrolimus: already used for uveitis, 

in clinical trials for dry eye

- NSAIDs (better if preservative free to reduce toxicity in 

chronic use)

Wide spectrum of 

anti-inflammatory drugs available



Macrolides 

Reduce 

Levels of:

IL-6, 

IL-8, 

TNF-alfa

To avoid ocular surface toxicity � systemic antibiotics available


