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Abstract

Objective. Corneal neovascularization is a sight-threatening condition affecting more
than 1.4 million people per year. Left untreated, it can lead to tissue scarring, oedema,
lipid deposition, and persistent inflammation that may significantly affect visual
prognosis and quality of life. The aim was to review the recent evidence relating to the
pathophysiology, investigations and management of corneal neovascularization.
Methods. Literature review of prospective and retrospective studies, clinical trials and
animal models relating to the pathophysiology, investigation and management of corneal
neovascularization.

Results. Corneal neovascularization is characterized by the invasion of new blood
vessels into the cornea caused by an imbalance between angiogenic and antiangiogenic
factors that preserve corneal transparency as a result of various ocular insults and
hypoxic injuries. Risk factors that have been implicated in the pathogenesis of the
disease include contact lens wear, ocular surface disease, trauma, previous surgery and
herpes. The results highlighted the current and future management modalities of corneal
neovascularization, which includes corneal transplantation, laser - phototherapy,
injections and topical treatment.

Conclusion. The future of corneal neovascularization is promising and this paper
discusses the upcoming revolution in local gene therapy.

Keywords: cornea, neovascularization, Anti-VEGF, keratoplasty, gene therapy
Abbreviations. HSK = herpes stromal keratitis, VEGF = vascular endothelial growth
factor, VEGFR-1 = VEGF Receptor-1, FGF = Fibroblast growth factor, PDGF = Platelet-
derived growth factor, IL-6 = interleukin-6, IL-7 = interleukin-7, IL-8 = interleukin-8, IRS-
1 = insulin receptor substrate-1

Introduction

A healthy cornea is a transparent, avascular
tissue located anterior to the iris and the pupil.
Maintaining transparency and avascularity is
essential to preserve optimal vision as well as
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protect the eye against infections and structural
damage.

Abnormal new vessels can invade the
corneal stroma from pre-existing pericorneal
structures as a result of a disruption in the
balance of angiogenic and antiangiogenic factors
that normally preserve corneal transparency and
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subsequently lead to corneal neovascularization
[1].

This occurs due to a wide variety of ocular
insults, including infection, inflammation,
ischemia, degeneration, trauma, and loss of the
limbal stem cell barrier. Corneal pathologies that
can lead to neovascularization include lipid
keratopathy, corneal ulcers and scars, herpes eye
disease, infectious keratitis, chemical burns, graft
rejections and hypoxic insults from contact lens
wear [2,3].

Corneal neovascularization is a sight-
threatening condition and a growing public
health One study reported the
estimated incidence rate of 1.4 million people
per year, 12% of whom suffered subsequent loss
of vision [4]. Moreover, 20% of corneal
specimens taken from corneal transplant
procedures have shown evidence of corneal
neovascularization [3].

Currently, the treatment methodology
depends on the state of maturation of the blood
vessels at presentation. Established mature
blood vessels do not require angiogenic growth
factors, whereas immature blood vessels are
dependent on them for proliferation, hence
treatment is aimed at either removal of
established vasculature or preventing
neoangiogenesis [5]. The pathophysiology,
investigations and various treatment options
currently being undertaken as well as future
therapeutic potentials are discussed in this
review.

concern.

Methods

A PubMed review was performed,
analyzing all publications from 1968 to 2018
concerning the topic “corneal
neovascularization” (keywords: cornea, new
vessels, neovascularization, angiogenesis, Anti-
VEGF, penetrating keratoplasty, corneal
transplant). Animal and human studies,
published in English (full text), were included in
this review and adhered to the Helsinki
Declaration.
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Results

Pathophysiology of Corneal
Neovascularization

The cornea is avascular in healthy
individuals; however, under specific pathological
circumstances, new capillaries can grow within
the cornea. There are three categories of
neovascularization based on severity: superficial
neovascularization, vascular pannus and deep
stromal vascularisation. The mechanisms of
corneal neovascularization are observed in
significant detail in animal models. It has been
hypothesized from these models that corneal
neovascularization commences as a result of
insult or injury. It is known that a number of
diseases and conditions can lead to the
development of corneal neovascularization. The
most common causes highlighted have been the
wearing of contact lenses, inflammation of the
eyelid, trauma, previous surgery and herpes [3].

When the cornea is damaged, the epithelial
defects are normally healed by the corneal and
limbal epithelium. The corneal limbus is located
at the corneoscleral junction. The limbal
epithelium is rich in stem cells with the capacity
to differentiate from normal corneal epithelium.
However, defects can occur, leading to these cells
undergoing apoptosis and repaired abnormally
by the conjunctival epithelium [6]. The problem
arises as the conjunctival epithelium is rich in
goblet cells and  highly  vascularized.
Consequently, the resulting phenotype is
optically inferior and leads to the deterioration
of vision [7]. Furthermore, the process also leads
to an irregular optical surface, weakened tensile
strength, and incompetent barrier function.

Research suggests that IL-8 may also
contribute to the manifestation of corneal
neovascularization  [8].  Strieter et al
demonstrated the relationship to be dose
dependent [9]. High doses of 400ng/ cornea did
not give rise to neovascularization, whereas
doses in the range of 2-40ng/ cornea resulted in
neovascularization. Furthermore, the study
interestingly found regression of vascularity
after 14 days, which suggested that IL-8
angiogenesis underwent dynamic modulation as
it was observed in normal wound healing,
suggesting a dynamic relationship between
inflammation and wound healing.
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As previously mentioned, HSK can lead to
the development of corneal neovascularization.
HSK is classed as an immune mediated disease
and due to the eye being immune privileged, has
been considered a target tissue for HSK. It is
believed that VEGF has a significant role in the
development of corneal neovascularization as a
result of HSK. It has been suggested that the
presence of HSK leads to inhibition of VEGF
receptor (SVEGFR-1) synthesis at a higher rate
compared to VEGF resulting in a ratio imbalance
between sVEGFR-1 and VEGF and therefore, the
release of VEGF is accelerated to consequently
cause angiogenesis [10]. Another source of VEGF
is infected cells stimulating the production of
VEGF as a result of IL-6 expression [11]. A
similar relationship has been observed in
response to infected cells expressing IL-7, which
also stimulates nearby cells to release VEGF [12].
The excessive release of VEGF leads to the
development of fragile blood vessels in the
cornea.

Corneal neovascularization can have a
significant negative impact on vision. The
physical presence of the vessels blocking and
diffracting light being the main mechanism of
impact, with further influence from the
deposition of lipids and proteins on the corneal
stromal as well as damage to the structural
integrity of the cornea.

The hypothesized pathophysiology is
extrapolated from animal studies therefore
leaving some uncertainty as to whether the
relationships described can be transferred to a
human model.

Investigating Corneal Neovascularization in
the Clinical Setting

The cornea can be easily assessed in the
clinical setting for examination. Slit lamp
biomicroscopy can be used to determine changes
to the cornea including topographical ones. Slit
lamp aids are also particularly useful in
determining the thickness of the cornea, which
can also provide evidence of endothelial cell
function. Diffuse illumination can be used to
assess the cornea in terms of gross alterations,
whereas indirect and retro-illumination can be
used to detect lesions such as
neovascularization. Neovascularization can
occur very rapidly, and may be challenging to
detect in early stages.
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The risk of developing corneal
neovascularization can be assessed during
routine eye examinations. It has been proven
that the condition is more prevalent amongst
certain populations such as those who wear
contact lenses. In these instances, such patients
could be classed as high risk and screened at
shorter intervals. This could significantly reduce
the number of cases of vision loss associated
with corneal neovascularization.

For the techniques described so far,
neovascularization is only observed in advanced
cases when the condition is already well
developed. In order to scientifically study the
pathophysiology of the disease progression, it
would be useful to obtain samples from the
tissue to observe the expression of cell signaling
molecules (such as VEGF, IL-6 and IL-7) and
develop and monitor tests to detect such early
factors in corneal neovascularization.

Current management of corneal
neovascularization

The treatment of corneal
neovascularization is currently problematic.
Corneal transplantation is at present the only
successful universal treatment for this disease
process. However, there are various treatment
procedures that have an effect, such as topical
treatments, injections and laser/ phototherapy.
One therapeutic aim of these treatments is to
initiate  antiangiogenesis and stop the
neoangiogenesis at early stages, whereas the
other treatment modality aims to achieve
angioregression by inducing reversion of
immature vessels.

Corneal Transplantation

Meta-analysis on 24,000 corneal grafts
revealed that rejection of transplanted corneas is
higher in patients with neovascularization. The
analysis estimates that “presence of corneal
neovascularization before surgery is 30% more
likely that the transplant will fail, and more than
doubles the risk of graft rejection”, in other
words, the greater the neovascularization the
higher risk of rejection [13]. Therefore,
preparing and conditioning the vascularized
cornea before transplantation is a hopeful
potential therapeutic development.
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Treatment of Corneal Neovascularization-
Laser/ Phototherapy

Argon laser therapy for corneal
neovascularization is the use of an argon laser
beam, which passes through a clear cornea, but,
when there are many vessels present, the
haemoglobin (within the blood) absorbs the
argon energy allowing corneal vessels to
coagulate, which causes reversal of the corneal
neovascularization [14]. Studies have shown its
efficacy in regression of corneal
neovascularization [15]. Photodynamic therapy
involves a photosensitizing compound, light and
oxygen. The compound is absorbed by the
neovascular tissue and is activated through laser
treatment, which causes free radicals to be
released thus destroying the surrounding
neovascular tissue and reversing corneal
neovascularization [16]. It has been shown that
photodynamic therapy is safe and has a high
efficacy within humans; however, it is a very
costly method of treatment as well as time
consuming [16].

Both laser and phototherapy need further
study to determine their efficacy when compared
to other therapeutic strategies. Currently, safety
concerns associated with laser therapy and the
cost and time of phototherapy have been the
negative issues coupled with this innovative
treatment, resulting in the relatively low uptake
in clinical practice. However, a recent study by
Gerten et al. has shown that the combination
therapy of bevacizumab with argon laser-
therapy causes a marked decrease in corneal
neovascularization, this being because the argon
laser-induced coagulation closes the mature
pathological blood vessels whilst the
bevacizumab prevents new angiogenesis [17].
Therefore, the hope is that these therapies will
be introduced as an adjunct and usage will
increase.

Injections

As described previously, treatment can be
administered in many ways, also including the
administration of steroids and anti-VEGF agents
through subconjunctival injections with similar
efficacy to topical treatment. Petsogulu C et al.
carried out a randomized control trial looking at
the outcomes of subconjunctival bevacizumab in
30 eyes of 30 patients with corneal
neovascularization [18]. 15 eyes randomized to
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receive 2.5mg/ 0.1ml subconjunctival injections
and 15 eyes randomized to 0.9% saline. A
standard therapy of  preservative-free
dexamethasone 0.1% drops four times a day was
prescribed for all patients at baseline.

The authors demonstrated a reduction in
the mean area of corneal neovascularization by
36% in the 15 eyes that received bevacizumab
compared with an increase of 90% in eyes that
received saline placebo. After exclusion of one
outlier with an exaggerated response, the
placebo arm treated with topical dexamethasone
0.1% over 3 months showed only a 3% decrease
in corneal neovascularization.

Moreover, this method of treatment also
allows the incorporation of gene therapy
strategies. Gene therapy involves transferring
therapeutic genes to the cornea through
different vectors. There are safety concerns
regarding  viral  vectors (adenoviruses,
retroviruses or lentiviruses) but they are the
most efficient in infecting the corneal epithelial
cells with infection rates of 80-100%, allowing
higher gene transfer rates compared to non-viral
vectors [19]. The safety concerns include the
potential of replication-deficient viral vectors
such as adenoviruses and retroviruses to become
replication-competent and pathogenic again.
Furthermore, retroviral vectors randomly
integrate their genome into host cells, which can
lead to insertional mutagenesis to occur [20].
Gene therapies that influence angiogenic factors
like VEGF have been investigated, for example
Lai and colleagues transduced corneal epithelial
cells with an adenovirus vector containing the
VEGFR-1 gene in a rodent model and found that
it successfully inhibited corneal
neovascularization [19]. Gene therapy can also
occur through intrasomal or subconjunctival
injections or via electroporation and gene gun
[21]. However, the use of viral vectors has the
highest efficiency in transduction of genes [22].

Furthermore, when the adenovirus vector
containing VEGFR-1 was subconjunctivally
injected in a rat model of corneal

neovascularization there was inhibition of the
corneal neovascularization [23]. Likewise, when
an adeno-associated viral vector containing the
gene for human angiostatin  (protein-
angiogenesis inhibitor) was subconjunctivally
injected in a rat model, the rats showing a
significant decrease in corneal
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neovascularization [24]. Although gene therapy
has shown promise in effectiveness there are
still technical and safety issues which have to be
overcome first [25].

Topical Treatments

Steroids and anti-VEGF agents are
currently the mainstay initial treatment for
corneal neovascularization [25]. Topical steroids
such as cortisone, dexamethasone and
prednisolone have all been shown to have an
antiangiogenic effect and hence inhibit corneal
neovascularization [25-28]. However, there are
studies suggesting that steroids do not inhibit
the development of corneal vascularisation [29].
This was however demonstrated in response to
corneal neovascularization post chemical injury,
with recent research suggesting positive
outcomes in other scenarios [30]. Klintworth has
shown that steroid use is most effective in
suppressing angiogenesis when applied directly
after or before corneal injury and if applied any
later it has no effect on the development of
corneal vascularisation [29]. It is thought that
steroids work by inhibiting cell chemotaxis and
by inhibiting pro-inflammatory cytokines like
interleukin-1 and -6 [31]. They also cause
lymphocytes to be killed and inhibit vascular
dilation, which all amounts to their
antiangiogenic effect [31]. The use of steroids
(such as cortisone) in conjunction with heparin
and cyclodextrins causes a greater
antiangiogenic effect, this leading to the
development of ‘angiostatic steroids’, which are
thought to modulate collagen metabolism that
can completely disintegrate the basement
membrane of the blood vessels [32,33]. Heparin
modulates the expression of anti-angiogenic and
pro-angiogenic factors [25]. However, steroids
have a considerable side effect profile with
negative associations such as glaucoma and
increased infection susceptibility due to their
immune suppressive effect.

VEGF has been shown to be crucial in
inflammatory corneal neovascularization
through the rat experimental model [34]. The
eye is a site which has ‘angiogenic privilege’
meaning it has a balance of pro-angiogenic and
anti-angiogenic factors. Pro-angiogenic factors
include VEGF, FGF and PDGF [25]. Selectively
targeting these angiogenic growth factors is
desirable over steroids due to their side effect
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profile and more selective action. Anti-VEGF
drugs work by inhibiting VEGF which prevents
new blood vessel formation through down
regulation of endothelial cell proliferation.
Bevacizumab is a humanized monoclonal
antibody which binds to all VEGF isoforms [35].
Another study has shown that bevacizumab
does have an immediate inhibitory effect on
corneal neovascularization and inflammation,
but the effects are very short-lived [36]. Lin and
colleagues have similarly shown that early
treatment with bevacizumab inhibits corneal
neovascularization but late treatment does not
display these features [37]. This shows that anti-
VEGF therapy is not as effective in individuals
who have mature blood vessels as they do not
rely on pro-angiogenic factors [37]. Anti-VEGF
treatment is important during active vessel
growth which is characterized by the presence of
immature blood vessels relying on pro-
angiogenic factors for proliferation [38]. This is
in line with the findings by Lin that anti-VEGF
treatment (bevacizumab) is effective when used
in early treatment of patients with corneal
neovascularization [37]. Anti-VEGF treatment

can have undesirable effects, including
suppression of wound healing, corneal nerve
regeneration and can systemically cause

hypertension and cardiovascular disease [25].
Krizova showed that the use of bevacizumab is
effective and very safe in treating active corneal
neovascularization whether applied topically or
given as a subconjunctival injection [39].
However, they also show that bevacizumab does
not have the same effect on mature corneal
neovascularization and this treatment does not
cure the disorder.

Discussion

New Topical Therapeutic Advancement

It has been shown that the activation of the
IRS-1 proteins is vital in angiogenesis and it is
overexpressed in corneal neovascularization
sites [40]. Aganirsen is an antisense
oligonucleotide, which inhibits the expression of
IRS-1 mRNA, mRNA of interleukin-1beta and the
mRNA of VEGF [40]. Cursiefen et al. conducted a
phase 3 trial and found that topical
administration of Aganirsen eye drops massively
inhibits corneal neovascularization in patients
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with keratitis and that the need for future
transplantation is not needed. They have also
shown that Aganirsen is very safe and well
tolerated in individuals [41].

Another novel advance in the treatment of
corneal vascularisation is the use of matrix
metalloproteinase inhibitors such as use of
tetracyclines. Doxycycline is a tetracycline
analogue, which has an antibiotic effect but is
also a matrix metalloproteinase inhibitor. Matrix
metalloproteinase are enzymes that degrade
collagen, basement membranes and the
extracellular matrix. Doxycycline also inhibits
angiogenesis in a non-metalloproteinase-
dependent mechanism, and has an anti-
inflammatory effect [42]. Jovanovic and Nikolic
have shown that the use of topical doxycycline
on human corneal neovascularization is effective
in reducing the neovascularization and effective
in the healing process without any side effects
[43]. Combination therapy of anti-VEGF agents,
steroids and doxycycline have been investigated
and have been shown to have higher efficiency in
inhibiting corneal neovascularization compared
to solitary use [32]. The theory behind
combination therapy is that this method will
target various mechanisms involved in
maintaining corneal neovascularization and
hence will be much more efficient in inhibiting
the disease and its reoccurrence.

New Injectable Therapeutic Advancements

Pillai et al. first described the technique of
fine needle diathermy, which involves using a
needle to cauterize individual vessels; this
method is effective in occluding mature vessels
that are not dependent on angiogenic growth
factors [44]. This technique has been modified
through using an electrolysis needle that is much
more flexible and precise [45]. Trikha et al.
carried out a 5 year retrospective study on
individuals who underwent fine needle
diathermy and found that this treatment is safe
and very effective in regressing corneal
neovascularization [46]. This suggests that this
method of treatment can be used in conjunction
with  anti-VEGF  drugs to allow an
angioregressive treatment of corneal
neovascularization [47,48].

Gene therapy targeting VEGF has had
successful results, for example Lai et al. have
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shown that an adenovirus vector carrying VEGFR
genes caused regression of the corneal
neovascularization [49]. Furthermore, when the
adenovirus vector was subconjunctivally
injected in a rat model, there was inhibition of
the corneal neovascularization [50]. Likewise,
when an adeno-associated viral vector
containing the gene for human angiostatin
(protein-angiogenesis inhibitor) was
subconjunctivally injected in a rat model, the rats
showed a significant decrease in corneal
neovascularization [51]. Although gene therapy
has shown promise in effectiveness, there are
still current technical concerns.

Conclusion

The ever-expanding knowledge of the
mechanisms involved in corneal
neovascularization are allowing different
treatment options to be developed. Anti-VEGF
drugs have been the centre of discussion as have
matrix-metalloproteinase inhibitors.

These methods of treatments for corneal
neovascularization currently still depend on the
blood vessel maturity stage. Therefore, local
gene therapy may be a promising universal
treatment of corneal neovascularization, with
the hope that safety concerns can be allayed by
continuing and impending research.

Conflict of interests
The authors declare no conflict of interests.

Acknowledgements
All authors have equal contribution. There
are no financial or proprietary interests.

References

1. Beebe DC. Maintaining transparency: a review of the
developmental physiology and pathophysiology of two
avascular tissues. Semin Cell Dev Biol. 2008; 19(2):125-
33.

2. Chang JH, Gabison EE, Kato T, Azar DT. Corneal
neovascularization. Curr Opin Ophthalmol. 2001;
12(4):242-9.

3. Abdelfattah NS, Amgad M, Zayed AA, Salem H,
Elkhanany AE, Hussein H, Abd El-Baky N. Clinical
correlates of common corneal neovascular diseases: A
literature review. Int ] Ophthalmol. 2015; 8:182-193.

Romanian Society of Ophthalmology
© 2019



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Lee P, Wang CC, Adamis AP. Ocular neovascularization:
an epidemiologic review. Surv Ophthalmol. 1998;
43(3):245-69.

Roshanadel D, Eslani M, Baradaran-Rafii A, Cheung AY,
Kurji K, Jabbehdari S, Maiz A, Jalali S, Djalilian AR,
Holland EJ. Current and emerging therapies for corneal
neovascularization. Ocul Surf. 2018; 16(4):398-414
Dua HS, Azuara-Blanco A. Limbal stem cells of the
corneal epithelium. Survey of Ophthalmology. 2000;
44:415-425.

Clements JL, Dana R. Inflammatory
neovascularization: Etiopathogenesis.
Ophthalmol. 2011; 26:235-245.

Ghasemi H, Ghazanfari T, Yaraee R, Faghihzadeh S,
Hassan ZM. Roles of IL-8 in ocular inflammations: A
review. Ocul Immunol Inflamm. 2011; 19:401-412.
Strieter RM, Kunkel SL, Elner VM, Martonyi CL, Koch
AE, Polverini PJ], Elner SG: Interleukin-8. A corneal
factor that induces neovascularization. Am ] Pathol.
1992; 141:1279-1284.

Suryawanshi A, Mulik S, Sharma S, Reddy PB, Sehrawat
S, Rouse BT. Ocular neovascularization caused by
herpes simplex virus type 1 infection results from
breakdown of binding between vascular endothelial
growth factor a and its soluble receptor. ] Immunol.
2011; 186:3653-3665.

Zahir-Jouzdani F, Atyabi F, Mojtabavi N. Interleukin-
6 participation in pathology of ocular diseases.
Pathophysiology. 2017; 24(3):123-131.

Kim SY, Yeo A, No H. Downregulation of IL-7_and IL-7R
Reduces Membrane-Type Matrix Metalloproteinase 14
in Granular_Corneal Dystrophy Type 2 Keratocyte.
Invest Ophthalmol Vis Sci. 2018; 59(13):5693-5703.
Bachmann B, Taylor RS, Cursiefen C. Corneal
neovascularization as a risk factor for graft failure and
rejection after keratoplasty: An evidence-based meta-
analysis. Ophthalmology. 2010; 117:1300-1305.

Reed JW, Fromer C, Klintworth GK. Induced corneal
vascularization remission with argon laser therapy.
Arch Ophthalmol. 1975; 93:1017-1019.

Cherry PM, Faulkner ]D, Shaver RP, Wise ]B, Witter SL.
Argon laser treatment of corneal neovascularization.
Ann Ophthalmol. 1973; 5:911-920.

Gomer CJ, Ferrario A, Hayashi N, Rucker N, Szirth BC,
Murphree AL. Molecular, cellular, and tissue responses
following photodynamic therapy. Lasers Surg Med.
1988; 8:450-463.

Gerten G. Bevacizumab (avastin) and argon laser to
treat neovascularization in corneal transplant surgery.
Cornea. 2008; 27:1195-1199.

Petsoglou C, Balaggan K, Dart JK, Bunce C, Xing W, Ali
RR, Tuft SJ. Subconjunctival bevacizumab induces
regression of corneal neovascularisation: a pilot
randomised placebo-controlled, double-masked trial.
Br J Ophthalmol. 2013; 97(1):28-32.

Williams KA, Jessup CF, Coster DJ. Gene therapy
approaches to prolonging corneal allograft survival.
Expert Opin Biol Ther. 2004; 4:1059-1071.

Lai CM, Spilsbury K, Brankov M, Zaknich T, Rakoczy PE.
Inhibition ~ of corneal neovascularization by
recombinant adenovirus mediated antisense vegf rna.
Exp Eye Res. 2002; 75:625-634.

corneal
Semin

Romanian Society of Ophthalmology
© 2019

Romanian Journal of Ophthalmology 2019; 63(1): 15-22

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Mohan RR, Tovey ]JC, Sharma A, Tandon A. Gene
therapy in the cornea: 2005--present. Prog Retin Eye
Res. 2012; 31:43-64.

He Z, Pipparelli A, Manissolle C, Acquart S, Garraud O,
Gain P, Thuret G. Ex vivo gene electrotransfer to the
endothelium of organ cultured human corneas.
Ophthalmic Res. 2010; 43:43-55.

Mwaikambo BR, Sennlaub F, Ong H, Chemtob S, Hardy
P. Activation of c¢d36 inhibits and induces regression
of inflammatory corneal neovascularization. Invest
Ophthalmol Vis Sci. 2006; 47:4356-4364.

Cheng HC, Yeh SI, Tsao YP, Kuo PC. Subconjunctival
injection of recombinant aav-angiostatin ameliorates
alkali burn induced corneal angiogenesis. Mol Vis.
2007; 13:2344-2352.

Maddula S, Davis DK, Burrow MK, Ambati BK.
Horizons in therapy for corneal angiogenesis.
Ophthalmology. 2011; 118:591-599.

Irvine SR, Irvine MD, Kastner CB. The effect of
cortisone on the primary secondary aqueous and on
corneal vascularization in rabbits. Bull Johns Hopkins
Hosp. 1951; 89:288-302.

Hos D, Saban DR, Bock F, Regenfuss B, Onderka ], Masli
S, Cursiefen C. Suppression of inflammatory corneal
lymphangiogenesis by application of topical
corticosteroids. Arch Ophthalmol. 2011; 129:445-452.
Phillips K, Arffa R, Cintron C, Rose ], Miller D, Kublin
CL, Kenyon KR. Effects of prednisolone and
medroxyprogesterone on corneal wound healing,
ulceration, and neovascularization. Arch Ophthalmol.
1983; 101:640-643.

Klintworth GK. Corneal angiogenesis a comprehensive
critical review. 1991, New York, Springer.

Hoffart L, Matonti F, Conrath ], Daniel L, Ridings B,
Masson GS, Chavane F. Inhibition of corneal
neovascularization after alkali burn: Comparison of
different doses of bevacizumab in monotherapy or
associated with dexamethasone. Clin Experiment
Ophthalmol. 2010; 38:346-352.

Schleimer RP, Freeland HS, Peters SP, Brown KE,
Derse CP. An assessment of the effects of
glucocorticoids on degranulation, chemotaxis, binding
to vascular endothelium and formation of leukotriene
b4 by purified human neutrophils. ] Pharmacol Exp
Ther. 1989; 250:598-605.

Aydin E, Kivilcim M, Peyman GA, Esfahani MR, Kazi AA,
Sanders DR. Inhibition of experimental angiogenesis
of cornea by various doses of doxycycline and
combination of triamcinolone acetonide with low-
molecular-weight heparin and doxycycline. Cornea.
2008; 27:446-453.

Ingber DE, Madri JA, Folkman J. A possible mechanism
for inhibition of angiogenesis by angiostatic steroids:
Induction of capillary basement membrane
dissolution. Endocrinology. 1986; 119:1768-1775.
Amano S, Rohan R, Kuroki M, Tolentino M, Adamis AP.
Requirement for vascular endothelial growth factor in
wound- and inflammation-related corneal
neovascularization. Invest Ophthalmol Vis Sci. 1998;
39:18-22.

Ferrara N, Hillan K], Novotny W. Bevacizumab
(avastin), a humanized anti-vegf monoclonal antibody

21



Romanian Journal of Ophthalmology 2019; 63(1): 15-22

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

22

for cancer therapy. Biochem Biophys Res Commun.
2005; 333:328-335.

Awadein A. Subconjunctival bevacizumab for
vascularized rejected corneal grafts. ] Cataract Refract
Surg. 2007; 33:1991-1993.

Lin CT, Hu FR, Kuo KT, Chen YM, Chu HS, Lin YH, Chen
WL. The different effects of early and late
bevacizumab (avastin) injection on inhibiting corneal
neovascularization and conjunctivalization in rabbit
limbal insufficiency. Invest Ophthalmol Vis Sci. 2010;
51:6277-6285.

Jo N, Mailhos C, Ju M, Cheung E, Bradley ], Nishijima K,
Robinson GS, Adamis AP, Shima DT. Inhibition of
platelet-derived growth factor b signaling enhances
the efficacy of anti-vascular endothelial growth factor
therapy in  multiple = models of  ocular
neovascularization. Am | Pathol. 2006; 168:2036-
2053.

Krizova D, Vokrojova M, Liehneova K, Studeny P.
Treatment of corneal neovascularization using anti-
vegf bevacizumab. ] Ophthalmol. 2014; 2014:178132.
Al-Mahmood S, Colin S, Farhat N, Thorin E,

Steverlynck C, Chemtob S. Potent in vivo
antiangiogenic effects of gs-101 (5'-
tatccggagggctcgecatgetget-3'), an antisense

oligonucleotide preventing the expression of insulin
receptor substrate-1. ] Pharmacol Exp Ther. 2009;
329:496-504.

Cursiefen C, Viaud E, Bock F, Geudelin B, Ferry A,
Kadlecova P, Lévy M, Al Mahmood S, Colin S, Thorin E,
Majo F, Frueh B, Wilhelm F, Meyer-Ter-Vehn T,
Geerling G, Bohringer D, Reinhard T, Meller D, Pleyer
U, Bachmann B, Seitz B. Aganirsen antisense
oligonucleotide eye drops inhibit keratitis-induced
corneal neovascularization and reduce need for
transplantation: The i-can study. Ophthalmology.
2014; 121:1683-1692.

Gilbertson-Beadling S, Powers EA, Stamp-Cole M,
Scott PS, Wallace TL, Copeland ], Petzold G, Mitchell
M, Ledbetter S, Poorman R. The tetracycline analogs
minocycline and doxycycline inhibit angiogenesis in
vitro by a non-metalloproteinase-dependent
mechanism. Cancer Chemother Pharmacol. 1995;
36:418-424.

Jovanovic V, Nikolic L. The effect of topical
doxycycline on corneal neovascularization. Curr Eye
Res. 2014; 39:142-148.

Pillai CT, Dua HS, Hossain P. Fine needle diathermy
occlusion of corneal vessels. Invest Ophthalmol Vis
Sci. 2000; 41:2148-2153.

Wertheim MS, Cook SD, Knox-Cartwright NE, Van DL,
Tole DM. Electrolysis-needle cauterization of corneal
vessels in patients with lipid keratopathy. Cornea.
2007; 26:230-231.

Trikha S, Parikh S, Osmond C, Anderson DF, Hossain
PN. Long-term outcomes of fine needle diathermy for
established corneal neovascularisation. Br ]
Ophthalmol. 2014; 98:454-458.

Faraj LA, Elalfy MS, Said DG, Dua HS. Fine needle
diathermy occlusion of corneal vessels. Br ]
Ophthalmol. 2014; 98:1287-1290.

Koenig Y, Bock F, Kruse FE, Stock K, Cursiefen C.
Angioregressive pretreatment of mature corneal

49.

50.

51.

blood vessels before keratoplasty: Fine-needle vessel
coagulation combined with anti-vegfs. Cornea. 2012;
31:887-8924313.

Lai CM, Spilsbury K, Brankov M, Zaknich T, Rakoczy
PE. Inhibition of corneal neovascularization by
recombinant adenovirus mediated antisense vegf rna.
Exp Eye Res. 2002; 75:625-634.

Mwaikambo BR, Sennlaub F, Ong H, Chemtob S, Hardy
P. Activation of cd36 inhibits and induces regression
of inflammatory corneal neovascularization. Invest
Ophthalmol Vis Sci. 2006; 47:4356-4364.

Cheng HC, Yeh SI, Tsao YP, Kuo PC. Subconjunctival
injection of recombinant aav-angiostatin ameliorates
alkali burn induced corneal angiogenesis. Mol Vis.
2007; 13:2344-2352.

Romanian Society of Ophthalmology
© 2019



