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Abstract

The healthy cornea is optically transparent tissue. Basically 3 features of the cornea provide its transparency: avascularity,

constant water content and regular arrangement of collagen fibers. When the cornea loses its optically clear structure, it
inevitably causes a decrease in visual acuity. Infection, inflammation, limbal stem cell deficiency, tumors and contact lens
usage can cause corneal neovascularization. Disruption of the balance between angiogenic and antiangiogenic factors on
the ocular surface plays a role in the pathogenesis of corneal vascularization. Most of the treatment options used in daily
practice are effective when neovascular vessels are immature.

Keywords: Cornea; Neovascularization; Angiogenesis; Ocular Surface; Avascularity

Abbreviation: Cornv: Corneal Neovascularization, VEGF: Vascular Endothelial Growth Factor, PGF: Placenta Growth
Factor, BfGF: Basic Fibroblast Growth Factor, MMP: Matrix Metalloproteinases, ECM: Extracellular Matrix, PDGF:
Platelet Derived Growth Factor, PEDF: Pigment Epithelium Derived Factor, sSVEGFR: Soluble Vascular Endothelial
Growth Factor Receptor, KID: Keratitis-lchthyosis-Deafness, NSAID: Non-Steroidal Anti-inflammatory Drugs, PDT:

Photodynamic Therapy

.
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Introduction

The cornea is the most important refractive element of the
eye. Angiogenesis is formation new blood vessels from pre-
existing vascularity [1]. Corneal neovascularization (CorNV)
is formation of new vascular structures in previously
avascular cornea. There are many pathological situations that
cause CorNV. Etiological factors can be broadly thought of
as initiating at least one of two common pathways:
inflammation and limbal stem cell deficiency [2]. Disruption
of the balance between proangiogenic and antiangiogenic
factors towards to proangiogenic factors is involved in the
pathogenesis of corneal vascularization [3]. In this review, we

aim to summarize briefly pathophysiology of CorNV, corneal

disorders associated with neovascularization and treatment
options for these disorders.

Corneal  Avascularity and  Pathophysiology  of
Neovascularization

The cornea has no lymphatic or blood vessels. It provides its
oxygen and nutritional needs from tear film and agqueous
humor [4,5].

Avascular structure of the cornea is defined as angiogenic
privilege [6]. There is a homeostasis in the cornea where
proangiogenic and antiangiogenic factors are in balance.
Upregulation of proangiogenic factors accompanied by the
downregulation of antiangiogenic factors promotes new

blood vessel formation [7]. Neovascularization process starts
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via activation of vascular endothelial cells. Activated
endothelial cells release proteolytic enzymes which degrade
basement membrane and extracellular matrix (ECM). After
degradation of ECM, endothelial cells migrate and proliferate
through previously avascular cornea [2]. Sprouting and
intussusception are two different branching mechanisms that
used for CorNV. Proliferation and migration of endothelial
cells to angiogenic stimulus is called as sprouting whereas
enlargement of existing capillary plexus without cell
proliferation is called as intussusception [8,9].

Newly formed blood vessels are leaky and unstable. In this

stage, if proangiogenic stimuli cease to predominate nascent

vessels can regress. After pericytes and smooth muscle cells
surround the new vessels, they become stable and mature [2].
Epidemiology and Etiologic Factors of the Corneal
Neovascularization

Neovascular diseases of the cornea and other parts of the eye
represent a public health problem. Lee P et al [10] found that
4% of the US population has CorNV. A 14-year retrospective
study from Italy CorNV was diagnosed 10.4% of patients that
referred to the San Raffaele Cornea Unit [11].

A wide range of inflammatory, infectious and degenerative
diseases may induce CorNV. Table 1 summarizes diseases

associated with corneal neovascularization.

Table 1: Disorders associated with corneal neovascularization

Infection

v’ Viral keratitis (HSV, VZV) [12].

v’ Bacterial keratitis (Psuedomonas,
Chlamydia trachomatis, Syphilis) [13].

v’ Fungal and parasitic keratitis
(Candida, Fusarium, Aspergillus,

Onchocerciasis, Acanthamoeba) [14,15].

Inflammation

Ocular cicatricial pemphigoid [16].
Ocular rosacea [17].

Atopic conjunctivitis [18].

NSRNEE NI

Stevens-Johnson syndrome and Toxic

epidermal necrolysis [16].

Graft versus host disease [19].

Limbal Stem Cell Deficiency

Chemical and thermal injury [16].
Anirida [02].
Primary limbal stem cell deficiency [2].

Pterygium [2].

Trauma

Mechanical trauma [2].
Corneal foreign body [22].

Corneal ulceration [2].

Neoplasia

Conjunctival intraepithelial neoplasia [23].

AN N N N N NN

Squamous cell carcinoma [23].

Proangiogenic and Antiangiogenic Factors
Corneal avascularity is a result of balance between
proangiogenic and antiangiogenic factors [3].

A. Proangiogenic Factors

Vascular endothelial growth factor (VEGF) has important
role in age-related macular degeneration and retinal vascular
diseases. It is also upregulated in vascularized corneas in

human and animal studies [24,25]. There are 5 members of
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VEGF family. These are VEGF-A, -B, -C, and -D and
placenta growth factor (PGF). They bind tyrosine kinase cell-
surface VEGF receptors. The most important VEGF member
that causes neovascularization is VEGF-A in both retina and
cornea [26]. VEGF is secreted by many cell types like
macrophages, T cells, retinal pigment epithelial cells,
astrocytes, and smooth muscle cells. It promotes several steps
of angiogenesis such as vascular leakage, liberation of
endothelial cells from vessels, their migration and
proliferation [27]. VEGF secretion is promoted by both
inflammation and hypoxia [28].

Another proangiogenic factor is basic fibroblast growth factor
(bFGF). It causes endothelial cell activation and also induces
the activation of matrix metalloproteinases (MMP) via
tyrosine kinase receptors [29].

Matrix metalloproteinases are a group of zinc-binding
proteolytic enzymes. They participate in extracellular matrix
(ECM) remodeling and angiogenesis [30]. Movement of
endothelial cells within the corneal stroma that composed of
mainly collagen fibrils requires proteolysis of the basement
membrane and surrounding ECM [2].

Platelet derived growth factor (PDGF) is another important
angiogenic factor that involved in maturation of nascent
vessels. It ensures recruitment of pericyte and smooth muscle
cells to endothelial cells [31]. Lots of cytokines, chemokines
and adhesion molecules are also involved in angiogenesis [2].
B. Antiangiogenic Factors

Antiangiogenic factors mainly synthesized from corneal

epithelium [2]. De-epithelialization of the mouse cornea
promotes CorNV [32].

Angiostatin is proteolytic fragment of plasminogen [33]. It
inhibits proliferation and migration of vascular endothelial
cells [34]. Endostatin is another antiangiogenic factor that is
a proteolytic fragment of collagen XVIII. It is activated by
MMPs and interferes with endothelial cell proliferation [35].
Pigment epithelium derived factor (PEDF) is first identified
in retinoblastoma cells. It is a potent antiangiogenic factor.
Blocking antibodies against PEDF promote corneal
vascularization when implanted in rat corneal stroma [36].
Soluble vascular endothelial growth factor receptor 1
(SVEGFR1) is a soluble form of VEGFR1 which acts as
endogenous VEGF trap [37].

Clinical Examples of CorNV

Mainly, two clinical entities of corneal NV can be discerned:
stromal or deep neovascularization and superficial
neovascularization or vascular pannus. There is a correlation
between etiological factors and depth of CorNV. For
example, stromal keratitis is generally causing deep
vascularization whereas ocular surface disorders and contact
lens usage are associated with superficial vascularization
[38].

Figure 1 and 3 show examples of stromal neovascularization
associated with infectious etiologies. Figure 2 shows
superficial neovascularization associated with limbal stem

stem cell deficiency secondary to Kkeratitis-ichthyosis-

deafness (KID) syndrome.

Figure 1: Anterior segment photograph of the stromal CorNV associated with Acanthamoeba keratitis
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Figure 3: (a) Stromal CorNV secondary to herpetic keratitis. Regression of CorNV after (b) a week and (c) a month of the the anti-viral

and corticosteroid treatment.

Treatment Options of CorNV

CorNV is often accompanied by decreased visual acuity.
There are medical and surgical treatment modalities [27].
Topical corticosteroid agents have been the mainstay of
CorNV treatment. Both anti-inflammatory properties and
direct inhibition effects on vascular endothelial cell migration
and proliferation are anti-angiogenic  effects of
corticosteroids [39]. Steroids are most effective in inhibiting
CorNV when started early stages after tissue injury [2]. Non-
steroidal anti inflammatory drugs (NSAID) have limited
antiangiogenic effects [40].

Commercially available VEGF-A inhibitors such as

bevacizumab, aflibercept and ranibizumab have been used in

treatment of CorNV [40]. Aflibercept has dual effect in
angiogenesis by both anti-VEGF effects and PDGF pathway
blockage [41].

Medical treatment methods are relatively ineffective in the
setting of mature vasculature. Surgical methods which used
treatment of CorNV are physical ablation of vessels with
argon laser and photodynamic therapy (PDT) [40]. Physical
ablation with laser carries the risk of collateral damage to the
surrounding cornea and limbal stem cells [2].
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