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Keratoconus is the most common primary corneal ectasia characterized by progressive focal thinning. Patients
experience increased irregular astigmatism, decreased visual acuity and corneal sensitivity. Corneal collagen

crosslinking (CXL), a minimally invasive procedure, is effective in halting disease progression.

keratoconus corneal nerves

| 1. Introduction

Keratoconus is an ectatic condition of the cornea that is characterised by progressive thinning and steepening,
causing significant visual morbidity. Reported prevalence ranges from 0.3 to 3300 per 100,000, depending on
diagnostic criteria and geographic location L. The pathophysiology of keratoconus is multifactorial. Environmental
(microtrauma), genetics, and biochemical factors play a role in disease L. Eye rubbing is one of the important
environmental factors of keratoconus. Repetitive, prolonged and greater force of eye rubbing is associated with its
progression 2. Patient factors include atopy such as asthma and hay fever 2, and usage of contact lens wear 23],
As for genetic factors, alterations in Lysyl oxidase (LOX), Collagen Type V Alpha 1 Chain (COL5A1), and Forkhead
box protein O1 (FOXO1) gene have been correlated to keratoconus pathogenesis [BIEl Other studies have also
shown that relatives of patients with keratoconus have a high prevalence of undiagnosed keratoconus B9, |n
addition, biochemical factors such as increased protease activity cause collagen cross-linkages in the stroma to be
broken down (1],

There has been much interest in corneal nerve structure, function and their role in corneal health and disease 12,
Corneal nerves beside their sensory function also secrete neuromediators that are vital to the development and
maintenance of the cornea. It is hence important to understand the function and morphology of corneal nerves in
diseased states. In keratoconus, attempts to understand corneal nerves were previously confined to ex vivo studies
or cornea buttons with severe disease with staining techniques 23!, Most recently, the use of confocal microscopy

in analysing keratoconic corneas have been instrumental in understanding the microstructural changes in vivo.

| 2. Corneal Nerve Function and Anatomy

The cornea is a highly innervated structure. Corneal nerves originate from the ophthalmic branch of the trigeminal
nerve 24 The main stromal nerve bundles enter the human cornea radially at the corneoscleral limbus at a
distance of 293 + 106 um from the ocular surface and are distributed uniformly throughout the corneal

circumference 13, Soon after entering the cornea, each stromal nerve bundle gives rise through repetitive
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branching to varying numbers of progressively smaller and smaller stromal nerves that anastomose frequently,
often at highly acute branch points, to form a moderately dense midstromal plexus. Most midstromal nerve fibres
turn abruptly 90 degrees and continued into the narrow band of anterior stroma located immediately beneath
bowman’s membrane, and gives rise to a dense, roughly two-dimensional, subepithelial plexus 8. The
subepithelial plexus has a characteristic plexiform appearance due to the anastomosis of tortuous nerve fibres,
with it being denser in the peripheral and intermediate cornea than the central region. Straight fibres from the
subepithelial plexus generally penetrate Bowman’s membrane and continued into the corneal epithelium, with other
nerves becoming subbasal nerves that course parallel to the ocular surface near the interface of Bowman’s
membrane and the basal epithelium (Figure 1). Subbasal nerves form a gentle spiral-like clockwise assemblage of
long, curvilinear nerve fibres that converge on an imaginary center, or vortex, located inferior and slightly nasal to
the corneal apex. This assembly is believed to be influenced by the electromagnetic fields of the eye 14, They then

form intraepithelial terminals that are distributed abundantly throughout the epithelium.

{a) (b

Figure 1. Anatomy of corneal nerves. (a) Whole mount staining with anti-class (3 Il tubulin of mice cornea showing
the distributions of corneal nerve. Scale bar: 500 pm. (b) Cross section of corneal nerves. (b) is created by

Biorender.

Corneal nerves have afferent and efferent function, conveying touch and pain, as well as producing
neuromediators such as neurotrophins and neuropeptides that is thought to play a role in its pathophysiology.
These serve as trophic factors in ocular homeostasis and maintaining corneal microstructure. Corneal epithelial,
stromal cells and endothelial cells also contribute to the diversity of neuromediators in the cornea by producing
neurotrophins 18, Neurotrophins, such as nerve growth factor (NGF), regulate neuronal development, survival,
death and plasticity 2. In keratoconus, the high affinity receptor of NGF, tyrosine kinase receptor A, was found in
high levels and is thought to be due to heterologous upregulation for maintenance of unmyelinated corneal nerves
(191 Another neurotrophin, ciliary neurotrophic factor (CNTF) which is important for protection of the cornea from

oxidative radical damage, had a higher expression of its mMRNA in keratoconus as compared to normal eyes 191,

Neuropeptides are released slowly, act over an extended period, involved in neurotransmission and have a

paracrine function. Calcitonin gene-related peptide (CGRP) plays an important role in the nociceptive pathway in
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the cornea, by activating factors such as bradykinin and stimulating the release of nitrous oxide (2%, These effects
help produce a favorable neurochemical environment that enhances neural activity. Vasoactive intestinal peptide
(VIP) is another important neuropeptide, playing a role in corneal wound healing (2 by exerting anti-inflammatory
effects in a signaling pathway dependent manner 12[22l \Work by Sacchetti and colleagues analysed 12
keratoconic corneas obtained post keratoplasty and found that keratoconic corneas showed significantly higher
CGRP and VIP levels as compared to controls. This increase is thought to be due to an attempt by sensory nerves
to counteract degenerative changes in keratoconus 23],

| 3. Future Applications of IVCM in Keratoconus

IVCM images have been thought to be usable as a screening tool in patients with diabetic corneal neuropathy.
Corneal nerve length and thickness have been reported to be early markers of eye involvement in patients with
type 2 diabetes (241, With the incorporation of deep learning techniques, artificial intelligence-based algorithm could
provide rapid and good localisation performance for the quantification of corneal nerve biomarkers 231, At this time
of writing, there has not been any articles utilizing artificial intelligence techniques to analyse IVCM images in
keratoconus. Although the prevalence of keratoconus is less than diabetes, we believe it could play a supplemental
role to the armament of methods used to screen keratoconus.

The evaluation of subclinical or forme fruste keratoconus currently does not have any consensus. Although
advances in corneal tomography and biomechanical assessments have made keratoconus diagnosis easier in the
early stages, evaluation of these cases remain challenging 28. Current evidence in the literature using IVCM
images of corneal nerves taken from eyes with forme fruste keratoconus is limited. Larger study populations with
well-defined inclusion criteria would possibly allow us to better understand nerve changes occurring in this subset

of patients with very early keratoconus and possibly provide an opportunity for screening.
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