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Dry eye disease (DED) is a common condition, which usually causes discomfort, but it can also be an origin of
ocular pain and visual disturbances. Ocular surface inflammation is thought to be the main factor in the
pathogenesis of DED. It has many overlapping causes, such as ocular surgery, environmental triggers, medication

use and systemic diseases. Ophthalmic surgery may induce or worsen existing DED symptoms usually for a short-

term period .
dry eye disease ocular surface dysfunction cataract surgery phacoemulsification
refractive surgery trabeculectomy vitrectomy

| 1. Introduction

Tear Film and Ocular Surface Society (TFOS) Dry Eye WorkShop (DEWS) Il defines DED as follows “Dry eye is a
multifactorial disease of the ocular surface characterized by a loss of homeostasis of the tear film, and
accompanied by ocular symptoms, in which tear film instability and hyperosmolarity, ocular surface inflammation
and damage, and neurosensory abnormalities play etiological roles” [I. DED can be classified into two categories:
aqueous-deficient and evaporative. Aqueous-deficient DED may be associated with lacrimal gland dysfunction,
while the evaporative type occurs with conditions affecting the eyelids or ocular surface. Eye structures and
accessory organs of the eye, such as cornea, conjunctiva, eyelids, eyelashes, lacrimal and Meibomian glands,
define the ocular surface. The tear film is a very important structure, as it is the interface of the ocular surface and
the environment. Its function is to protect, lubricate the ocular exterior and form a stable refracting surface . Chen
et al. measured precorneal tear film thickness to be approximately 1.9 £ 0.9 ym using ultrahigh resolution optical
coherent tomography &l Tear film is thought to comprise three layers: mucin, aqueous and lipid. Transmembrane
mucins which are attached to epithelial cells extend to aqueous components containing various peptides, and
proteins protect epithelial cells 4. The tear film lipid layer is outermost, approximately 42 nm thick and ensures

resistance to evaporation &,

Disturbance of the balance of the tear film may be among the main factors in the development of the DED (Figure
1). Desiccation of the ocular surface, changes in tear composition and osmolarity lead to the activated production
of inflammatory mediators and inflammatory cell recruitment. These processes trigger the dissolution of cell
junctions, death of epithelial cells and destabilization of the tear film, which creates a cycle of inflammation 8.
Ocular surface inflammation alters the sensitization of nociceptors and causes a sensation of pain and dryness of

the eye. Long-term inflammation and nerve injury can cause neuropathic pain on the ocular surface [Z.
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Figure 1. Pathophysiology of dry eye disease.

Homeostasis of the ocular surface is controlled by the physiological system and corneal innervation. The cornea is
the most densely innervated organ in the human body. The ocular surface is supplied by sensory neurons of the
trigeminal nerve (cranial nerve V). Sensory fibers travel to the cornea via the nasociliary branch of the ophthalmic
nerve and via long ciliary nerves [, Long and short ciliary nerves form the pericorneal plexus at the corneal limbus.
Corneal nerve fibers distribute into stromal and subepithelial plexuses below Bowman’s layer after entering the
cornea in the corneoscleral limbus. Marfurt et al. analyzed the corneal nerve architecture of donor corneas. Nerve
bundles entering the cornea through the corneoscleral limbus distribute uniformly around the cornea with a mean
distance of 0.48 + 0.40 mm &, Fibers end in the corneal epithelium as unmyelinated nerve endings which serve as
nociceptors. Nociceptors are sensory to mechanical, chemical and thermal stimulation and transmit information to
the brain. Facial nerves contain motor and autonomic fibers which control blinking and stimulate tear secretion in
the lacrimal gland. Sensory nerve endings are able to respond to environmental changes and alter the intensity of
tear production by trigeminal-parasympathetic reflex. Neural response mechanisms also regulate the secretion of
compounds produced by goblet cells and Meibomian glands Bl Due to reduced tear secretion, the tear film thins,
and the corneal surface becomes vulnerable and exposed to unfavorable conditions. Corneal epithelium and
terminal nerve branches may become injured. This initiates a cycle of nerve alternation which leads to the
abnormal structure of corneal and conjunctival nerve fibers @ na comparative study conducted by Labbe et al.,
the ocular surfaces of patients with non-Sjogren DED were analyzed with in vivo confocal microscopy and had a
lower density and increased tortuosity and number of beadings of subbasal corneal nerves compared to control
subjects. Corneal nerve density correlated with age, the Oxford scale and central corneal sensitivity. Alterations of
subbasal corneal nerves were shown to be related to the severity of DED 2. In another study, corneal sensitivity
was significantly decreased in patients with DED and correlated positively with the density and number of subbasal
nerves 1. Subbasal nerve fiber length (SNFL) was also found to be significantly lower in patients with DED
compared with controls. Patients with almost normal SNFL were shown to respond better to DED treatment
(artificial tears and loteprednol etabonate with or without tobramycin 0.3% daily for 4 weeks) than subjects with low
baseline SNFL 22, As SNFL might help in evaluating the response to treatment, corneal subbasal nerve density, on
the other hand, was found to correlate with endothelial cell loss. Endothelial cell density was lower in subjects with
DED, and it correlated with the severity of the disease X2, In a study conducted by Kheirkhan et al., patients with

DED had lower densities of corneal endothelial cells and subbasal nerves compared to controls at their initial visit.

https://encyclopedia.pub/entry/9305 2/7



Dry Eye Disease | Encyclopedia.pub

The mean follow-up time was 33.2 months (x10.2). At the last visit, corneal subbasal nerve density did not change
significantly, but there was a decrease in endothelial cell density, which correlated negatively with initial subbasal

nerve density. Therefore, patients with low subbasal nerve density were at higher risk for endothelial cell loss 14,

In a study conducted by Kheirkhan et al., patients with DED had a higher density and size of dendritic cells and a
higher number of dendrites compared to controls. These changes in the density and morphology of corneal
epithelial immune dendritic cells reflected inflammation in DED 13, The inflammatory component in the etiology of
contact lens-induced DED was suggested by the increased mean Langerhans cell density in the central cornea
and nasal bulbar conjunctiva found in symptomatic contact lens-wearing patients 28], Inflammation is thought to be
very important in the pathogenesis of DED. The release of mediators such as eicosanoids, bradykinin, histamine,
purines and cytokines—interleukins contributes to the activation and sensitization of nociceptor terminals. Persistent
exposure to inflammatory components may damage corneal nerves, while acute nerve injury causes local
inflammation. These overlapping mechanisms increase the activity of sensory neurons and trigger a pain
sensation, which can persist for prolonged periods of time. Twelve inflammatory cytokines (IL-1p, IL-6, IFN-y and
TNF-a) are most frequently detected in the tears of dry eye patients and are reliably used as biomarkers of DED
(171, The conjunctival expression of matrix metalloproteinase 9 and transglutaminase 2 was shown to be higher in
patients with Meibomian gland dysfunction and showed inflammation of epithelial damage due to impaired tear
secretion 8. Patients with Meibomian gland dysfunction-related DED also had higher levels of inflammatory
molecules, such as IL-6, IL-8, IFN-y and ICAM-1, in their tears compared to control subjects 19 |n a study
conducted by Macri et al., patients with DED were also shown to have increased levels of oxidative stress by
assessing lipid peroxidation with the LP-CHOLOX test 2%, In another study, the expression of lipid peroxidation
markers, such as hexanoyl-lysine, 4-hydroxy-2-nonenal and malondialdehyde, were measured in tears using
enzyme-linked immunosorbent assays and, in the conjunctiva, using imunohistochemistry. In DED patients,

concentrations of these markers were elevated and correlated with the severity of the disease 211,

| 2. Influence of Dry Eye Disease on Quality of Vision

Healthy and stable tear film is important for good optical quality, as tear film is the first surface for light to pass into
the eye. Visual acuity is often normal, but other tests may show abnormalities, such as increased optical
aberrations and decreased corneal sensitivity, in patients with DED [22], The objective scatter index (OSlI) is used to
guantify ocular transparency. The scatter of light moving in the direction of the retina can be caused by unstable
tear film. Su et al. analyzed the tear film objective scatter index (TF-OSI) in DED. The mean value and dispersion
of TF-OSI were higher in patients with DED than in healthy subjects 231, Another study conducted by Ma et al.
examined visual quality in DED. The OSI was seen to correlate with clinical symptoms and signs, such as OSDI
and TBUT. OSI was also found to correlate with corneal nerve length, which suggests that nerve changes may
influence poor visual quality in DED patients 24, Herbaut et al. also found that OSI correlated with OSDI, TBUT
and Schirmer’s test results in DED patients 25, Gao et al. examined optical quality in patients before and after dry
eye treatment (hyaluronate and fluorometholone eye drops for two weeks). The OSI, contrast sensitivity, corneal

high order aberrations, standard deviation of corneal power and surface asymmetry index improved after the
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treatment 28, Similar results were seen in a study conducted by Lu et al. Optical quality was seen to improve by
evaluating high-order aberrations of corneal surface before and after DED treatment (artificial eye drops for two
weeks) 27, On the other hand, Arikan et al. compared contrast sensitivity and corneal aberrations in patients with
primary Sjogren syndrome (DED) and healthy participants. Contrast sensitivity function and corneal high-order
aberrations did not differ between patients with Sjogren syndrome and the control group [28. Ocular surface
dysfunction might also affect preoperative cataract surgery planning due to topography and keratometry measures
(291 |ncreased osmolarity of the tear film as a result of ocular surface disease has been shown to influence
keratometry results and, therefore, intraocular lens (IOL) power calculations. Hyperosmolarity is associated with
tear film instability and rapid breakup after blinking. Epitropolous et al. compared the keratometry value, corneal
astigmatism and |IOL power between hyperosmolar (osmolarity more than 316 mOsm/Lin at least one eye) and
normal (osmolarity less than 308 mOsm/L in both eyes) patients. A higher variability in the keratometry value and a
greater difference in the measured corneal astigmatism and IOL power were seen in the hyperosmolar group B9,
Variability of keratometry values in dry eyes was also shown in a study conducted by Roggla et al. B, The
instillation of artificial tears before keratometry may show more stable results, although in other studies, eye drops
did not the change variability of keratometry values (22!,
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