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Abstract
Keratoconus a progressive eye disease associated with corneal thinning and bulging resulting in blurred vision
nearsightedness and irregular astigmatism. It is less common than other eye diseases like macular degeneration,
cataract, glaucoma or diabetic retinopathy and hence often goes undiagnosed and neglected. However, its
incidence is on the rise in tropical countries like India and hence warrants renewed interest among
ophthalmologists, optometrists and ophthalmology researchers. The following review summarizes the current
knowledge on the etiology, epidemiology, pathogenesis and therapeutic interventions for keratoconus.
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Introduction

Keratoconus is a progressive eye disease. In this disease the
normal cornea starts thinning and start bulging in a shape as of
cone [1]. The cone shaped cornea interferes with the light that
enters into the way of light sensitive retina, causing blurred
vision [2]. It is characterized by irregular astigmatism, high
order aberrations and corneal scarring. This progressive disease
can occur in one or both eyes, but it mostly affects both eyes,
from teen and early 20s (50%) of cases [3]. As this disease
cause irregularity in the shape of cornea which leads to
nearsightedness and irregular astigmatism. This creates extra
problem in distortion and blurring in vision [4]. Keratoconus
has been known since the early days of ophthalmology. The
term keratoconus was established later on, originally there were
various name such as hyperkeratosis or conically formed
cornea [5]. The main symptoms that we can find in a person
suffering from keratoconus are blurry vision, near sightedness,
light sensitivity, itching in the eyes etc. [6]. At the initial stage
of the keratoconus the condition cannot be detected by the
normal eye check up, so it can’t be typically corrected by using
power glasses or by soft lens [7]. As the disease worsens the
cornea get bulged out due to which vision gets blurred and
typically correction methods like glasses and soft lens are not
helpful [8]. In most of the people this disease gets fixed after a
certain age without severe vision problem [9]. Keratoconus is
becoming much more common than in the past. Previously the
ratio was 1 in 2000 but now it is 1 in 500 [10]. Prevalence of
keratoconus has been reported to be 4.5-7.5 times higher in
asian population compared to the white population [11]. It is
also lower in the cold northern countries such as Finland,
Denmark, Russia where as the % of keratoconus is greater in
tropical and subtropical areas including India [12]. In this

Kumar et al. Pharmawave 13:2020

review we discuss the current understanding of etiology,
pathogenesis and potential interventions for keratoconus.

Aetiology of Keratoconus

The most common risk factor for the keratoconus is the eye
rubbing [13]. The continuous rubbing of the eyes at the early
age due to eye irritation leads to the risk for developing KC
[14]. Eye rubbing and patient family history of KC are the
major risk factor known to predict the eventual development of
KC [15]. A study also showed that unnecessary use of contact
lenses and people with asthma, retinitis pigmentosa, eczema
has much faster rate in development of Keratoconus [16, 17].
Diabetes, allergic disorder, collegen abnormality and
dipressions have been implicated as minor risk factors for the
disease [18, 19]. Thus, like many disorders the development of
keratoconus involves both environmental and genetics factors,
where the former may make the susceptible person more
vulnerable.

Pathophysiology of Keratoconus

Collagens are the fibers of protein which help the cornea to
hold it in its place and keep it from bulging out [20].
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When these collagen fibers become weak, they cannot hold the
cornea in its position which leads to bulging of the cornea to
form a cone shaped structure. Earlier theories of pathogenesis
include epithelial abnormality (blebbing and degeneration) and
release of proteolytic enzymes responsible for the degradation
of the stromal collagen. Other structural changes include breaks
in the bowman’s layer and thinning of the stroma. Compared to
normal cornea keratoconus tissue has increased expression of
decorin and keratocan. There are fewer keratin sulfate and
lower collagen content in KC tissue. However, there is little
change in either distribution of different types of collagen or
their cross linking arrangement in the stromal layer of cornea.
Proteomic analysis of tear samples from KC patients has shown
changes in expression of cytokines and apoptotic markers
which correlates with scaring of the tissue. These studies also
showed reduction in the levels of proteins involved in growth,
proliferation and migration along with alteration in
extracellular matrix proteoglycans and increase in markers for
oxidative stress. While structural studies have proposed that
altered corneal structure in KC is primarily due to altered
matrix proteins and keratinocytes while increased proteolysis
causing untying of lamella along its length. The above factors
result in redistribution of lamella far from the pinnacle of the
cornea and leads to reduction of inter lamellar adhesion and
interlacing.

Genes involved with Keratoconus

KC pathogenesis has a major genetic component which is
highly diverse. Out of 17 genetic loci potentially involved in
the development of KC only 5¢921,75,76 5g3275,77 and 14q11
have been independently implicated. Among these loci again
genes leading to KC is yet to be identified. A pathogenic
variant of DOCK9 gene has been identified and linked to KC
pathogenesis. Genome wide association studies (GWAS)
showed single-nucleotide  polymorphism  (SNP)  near
RAB3GAP1 to be associated with KC. GWAS studies on loci
associated with central corneal thickness (CTT) one of the risk
factor for developing KC have shown six SNPs in or near the
following genes; FOXO1, FNDC3B, RXRA-COL5A1, MPDZ-
NF1B, COL5A1, and ZNF469. Overall, gene expression
studies identified altered expression of genes involved in the
cytoskeletal arrangement, development of extracellular matrix
and cell-matrix interaction.

An increase in KRT6 has been reported while decrease in
alcohol dehydrogenase (class 1) beta polypeptide (ADH1B) in
keratinocytes in culture. Cultured stromal fibroblasts showed
differential expression of metalloproteinases (TIMP 1 and 3)
and BMP4 while AQP5 expression was downregulated in
corneal epithelium in KC. For further details please refer to
Davidson et al 2014[21].

Diagnosis of Keratoconus

Currently keratoconus and other corneal ectatic diseases are
diagnosed by studying the corneal topography. Placido disc
systems, scanning slit devices (Orbscan, Bausch & Lomb) and
Scheimpflug imaging (Pentacam, Oculus) are being used to
determine any change in corneal curvature. Systems measuring
the elevation in corneal topography are widely used in the
diagnosis of keratoconus. Cross-sectional Optical coherence
popular tool for the diagnosis of early keratoconus [22].

Kumar et al. Pharmawave 13:2020

Preventive measures and physical therapies for KC
Physical Therapies

Weight reduction, physical exercise, eye exercise or even
simply remaining healthy may protect against KC.

Swaying is a simple eye exercise that helps in reinforcing the
command over the corneal muscles of the eyes. In disease like
KC people suffers from the symptoms like distorted and
blurred vision. This physical therapy helps in controlling where
the eyes go, and strengthens the muscles around the eye.
Keeping the feet and shoulder way apart an object is chosen in
a distance. Then the person sways from one side the other side
with a constant focus on the particular object [23].

The American Optometric Association recommends activities
like badminton and team sports which reinforces the corneal
muscles by improving the overall visual sharpness and protect
against the development of KC [23].

Preventive measures

Managing allergies and taking nutritional supplements can help
manage the condition. If eyes are itchy due to allergies,
antihistamine may help along with avoiding the allergens.
Sometimes skin and food allergies may also cause eye
inflammation and could be related to KC. Diet low in calcium
and other nutrients might contribute to or worsen KC. Thus
drinking 2 to 3 glasses of milk per day is recommended to meet
the daily calcium requirement. Other sources of calcium
include cheese, yogurt, spinach, kale, and soybeans or 500-
1000 mg calcium is usually recommended. A daily dose of
2,000 to 4,000 1U of vitamin D might help slow the progression
of KC. In case of persistently itchy eyes, saline eye drops or
non-medicated artificial tears are recommended to avoid
rubbing of eyes thus preventing KC [24].

Current therapies for KC Customize soft contact lenses:

The initial step for the treatment of the KC is using of
customized lenses specially made to correct initial
abnormalities of KC. They are designed after measuring of the
person's cornea (s). One of the primary complications for
keratoconus eye being higher-order aberrations (HOAS) could
be rectified through customized contact lenses. Rigid corneal
lenses and rigid scleral lenses have been shown to reduce the
magnitude of HOAs in keratoconic eye while non-customized
soft contact lenses have been shown to be less effective. While
others have proposed aberrations in the posterior cornea surface
to be responsible for HOAs in keratoconus [25].

ICRS or Intrastromal corneal ring sections:

They are also called intacs which are arc-shaped synthetic
implants in the cornea. They are implanted into a tunnel created
on the outer part of the cornea by using laser or another
surgical appliance. ICRS are the implantation to reshape the
cornea by making them more symmetric and also helps in
flattening the arch of the cornea. Patients in the moderate and
severe stage of keratoconus without corneal scarring having
difficulty with contact lenses are the best suited for ICRS.
Individuals with Kmax>70 D, corneal scarring and opacity, or
hydropsis are not recommended for ICRS. Among various
commercially available ring systems Intacs and Ferrara rings
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Figure 1: Different therapeutic strategies against keratoconus

are most widely used for the management of the condition.
Positioning and implantation depth of the ring can define its
effectiveness since improper positioning can lead to
overcorrection or under-correction while implantation at 60-
80% of the corneal thickness has been found to be most
effective [26]. One of the primary disadvantages of ICRS is
that they fail to prevent the progression of KC. In few cases of
KC doctors combine the therapy of ICRS implantation with
crosslinking of the cornea as a method of treatment. However,
little is known about the advantages of this combination
therapy [27].

Corneal Cross linking (CXL)

It is one of the best available treatments for KC approved by
the U.S. Food and Drug Administration (USFDA) since 2016.
Corneal Cross linking is a non-surgical process which
strengthens the weak corneal structure by allowing bond
formation between the collagen fibers in the stroma. CXL can
increase corneal rigidity by more than 3 times while reducing
corneal ectasia. The main advantage of the CXL is that it stops
or slows the progression of KC. However, CXL cannot reverse
KC associated changes thus the procedure is usually
recommended for early KC cases with a clear cornea with a
minimum thickness of 400 microns. In this procedure a beam
of ultraviolet light (370 nm) is applied to remove the upper
layer of the cornea. This is process is done in conjunction with

administration of vitamin B2 (riboflavin) containing
ophthalmic  preparation. CXL in combination with
photoreactive  Kkeratectomy or laser assisted in situ

keratomileusis (LASIK) prove to be more affective [26, 28].
Corneal Transplant
It is considered as a last resort. It became the most important

and the method of choice for severest of cases when all the
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previous methods have failed. In the process of corneal
transplant, the tissue used is harvested from an organ donor.
Corneas are removed from the donor eyes. The process of
penetrating keratoplasty is a common transplant procedure in
which there are high chances of excellent correctable vision.
For this process a surgical cookie-cutter is used for the removal
of the complete thickness of the cornea (from epithelium layer
to endothelium layer). The affected cornea is replaced with a
new cornea of similar size. Patients are prescribed few
ophthalmic solutions for a long period of time to prevent
rejection of the transplanted cornea. With proper care,
transplants can usually last for decades. Currently the removal
of the affected cornea with donor cornea is done with the help
of Femtosecond Laser instead of a trephine and this procedure
is known as Femtosecond-Laser Enabled Keratoplasty (FLEK).
The Laser assisted surgery heals the wound faster. This also
helps in stronger collagen bond formation in the cornea, which
results in better vision outcomes.

A new technique which is known as Deep Anterior Lamellar
Keratoplasty (DALK) is an alternate to corneal transplant. The
process of the (DALK) is increasingly sensitive transplant, in
which the top or the external layers of the affected cornea is
supplanted, yet some parts, like Descemet's film and
endothelium are left intact. The process of Deep Anterior
Lamellar Keratoplasty is less invasive compared to cornea
transplant with faster recovery time and little chance of the
graft rejection [29].

Keratoplasty, approved by USFDA in 2002 is a method which
can be used for the correction of low and moderate hyperopia
(+0.75 to +3.00 D) and astigmatism less than 0.75 D. This is an
effective method even for thin corneas. In this method radio
wave (350 HZ) is applied to the corneal stroma at various
points (8-30) which increases the tissue temperature by up to
65°C causing collagen shrinkage, corneal steepening leading to
corneal remodeling and eventual correction of refractive errors.
However, it not very effective for keratoconus eye with high
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astigmatism and also cannot prevent the progression of the
disease and hence sometimes combined with CXL [30].

Pharmacological Interventions

They are relatively few against KC. Many clinical trials are in
progress, while ophthalmic solutions are also being used to
reduce eye pressure (anti-glaucoma) which may reduce the risk
of developing KC. FDA-approved medication to treat the
progression of KC is riboflavin 5 -phosphate ophthalmic
solution as photoenhancer. Avedro's Photrexa Viscous
(riboflavin  5'- phosphate in 20% dextran ophthalmic
arrangement), Photrexa (riboflavin 5'- phosphate ophthalmic
arrangement) has been affirmed by the USFDA as the solitary
epithelium corneal cross-linker against dynamic KC [31].
Antihistamines mostly mast cell stabilizers, NSAIDs and
sometimes steroids may be used to prevent ocular allergies like
pruritis and giant papillary conjunctivitis reducing rubbing of
eyes, a major risk factor for KC.

The various therapeutic approaches against KC has been
summarized in Figure 1

Potential Future Therapies of KC

Researchers are trying to develop creative tissue engineering
which with use of an ophthalmic solution which contain very
low amount of a combination steroid and growth factor to
reshape and settle the cornea in a controlled way. In KC
corneal tissue undergoes increased oxidative stress which
eventually leads to the damage. Animal models have shown a
therapeutic effect of Vitamin C (ascorbate) in corneal wound
healing. To this date, the role of systemic antioxidant
supplementation in KC patients is yet to be evaluated. The role
of antioxidant supplementation like Vitamins A, C and E—in
delaying the progression of KC is also been evaluated.
IVMED-80 a copper-based formulation is the first eye drop
formulated for the treatment of KC without any surgical
requirement [32]. Preclinical studies using IVMED-80 resulted
in central flattening and increased stiffening of the cornea in
rabbits while studies of the ophthalmic formulation on the
human corpse resulted in increased lysyl oxidase (LOX)
activity, reduced in KC and increased stiffness of human
keratoconic corneas [33].

Summary

KC is a progressive eye disease where the cornea thins and
becomes conical in shape. This eventually results in visual
impairment like blurred vision near-sightedness and
astigmatism. It is a relatively rare eye disease with few
pharmacological therapies. However, its incidence is on the rise
especially in tropical and subtropical countries and warrants
large scale preclinical research and clinical trial initiatives
targeted towards early diagnosis and therapy for the disease.
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