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Abstract
Objective: to present corneal collagen corsslinking techniques. Corneal collagen cross-linking (CXL) is a procedure used to slow down or arrest the progression of 
keratoconus in order to avoid or, at least delay the necessity of keratoplasty. CXL means photopolimerisation of the stromal fibrillar tissue, in order to increase their 
stiffness and resistance to the corneal ectasia. CXL is a process mediated by photo oxidation between an ultraviolet A light and riboflavin. 

Evidence reviewed: In the 1970s, Siegel et al. presented that crosslinking reactions where lysyl oxidase catalyzed the formation of crosslinking aldehydes in collagen 
and elastin. The procedure was later developed in 1990 by Theo Seiler who used a UVA light and a photo sensitizer (typically riboflavin) to strengthen bonds in the 
cornea.

Findings: Instruments used in cross-linking: Initial, Wollensak et al., in 2003, used a 370-nm UV light diodes with a potentiometer regulating the voltage, in the 
present being available: the XLink TM; the CBM Vega XLink Crosslinking System; the LightLink CXL TM; the UV-X TM 2000 Crosslinking System; the KXL 
TM System. The procedures used today are: Epi-Off Cross-linking technique (standard procedure); CXL with hypo-osmolar riboflavin solution; Epithelium-on 
CXL technique; Accelerated cross-linking; Iontophoresis Cross-Linking; Contact Lens-Assisted Cross-Linking; LASIK-Xtra; Topography-guided PRK and CXL; 
Intrastromal Corneal Ring Segments and CXL; Epithelial Island Cross-Linking; Orthokeratology and CXL.

The clinical applications of CXL are: corneal ectasia; corneal infections; chemical burns; bullous keratopathy and other causes of corneal edema; LASIK and CXL; 
PRK and CXL; intra-corneal stromal rings and CXL; scleral CXL (experimental study).

Conclusions and relevance: There are no known side effects for the corneal endothelium, lens and retina. Cross-linking treatment does not exclude the possibility of 
keratoplasty. Cross-linking is a safe and efficient method of treatment in corneal ectasia in order to stop or arrest the progression of conus

Introduction
Corneal collagen cross-linking (CXL) means photopolimerisation 

of the stromal fibrillar tissue, in order to increase their stiffness and 
resistance to the corneal ectasia, through the combined action of the 
photosensitizing substance (riboflavin – B2) with the irradiation of the 
UV light performed with an illuminator in a solid state of UVA kind. 

History of corneal cross-linking
In 1970s, Siegel et al. presented that crosslinking reactions where 

lysyl oxidase catalyzed the formation of crosslinking aldehydes in 
collagen and elastin [1,2]. 

In 1990, Theo Seiler used a UV light and a photo sensitizer (typically 
riboflavin, Vitamin B2) to strengthen bonds in the cornea [3].

In 1997, Spoerl et al. used a similar principle to attempt an induction 
of corneal crosslinking (CXL), aiming to increase corneal stiffness [4]. 

Wollensak et al. [5] demonstrated that following central removal 
of the epithelium, photosensitizing riboflavin drops were applied 
and the eyes exposed to UVA light (370 nm, 3 mW/cm2) at a 1 cm 
distance for 30 minutes. Clinical follow-up showed that keratoconus 
stopped progressing in all eyes, and in 70% of the eyes a regression of 
keratometric and refractive values had been observed. 

Mechanism of action for cross-linking
CXL is a process mediated by photo oxidation between UVA light 

(370 nm) and riboflavin (B2 vitamin). UVA light activates riboflavin 
into triplet, which in turn produces reactive oxygen species (ROS) 
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including singlet oxygen. ROS reacts with collagen fibril molecules 
in corneal stroma and enhances the mechanical strength of cornea 
by forming new chemical bonds between aminoacids and groups of 
collagen fibril molecules [6]. Riboflavin also plays as a filter to reduce 
UVA penetrate cornea (Figure 1).

Goal of cross-linking
The goal of CXL is to slow down or arrest the progression of 

keratoconus avoiding, or at least delaying the necessity of keratoplasty. 
The rationale of the procedure is supported by the fact that very few 
young diabetic patients are affected by keratoconus. In the rarest of 
occasions, pre-existing development of keratoconus before the onset 
of diabetes does not show any progression due to the natural cross-
linking effect of glucose (chemical cross-linking).

Principle of cross-linking 
Photopolymerization using the UV-light was found to be the 

most promising technique to achieve cross-links in connective tissue. 
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may be influenced by changes in parameters during CXL (thickness 
and hydration).

Spoerl et al. [4] measured the biomechanical stress - strain from 
cross-linked corneas. The results showed stiffening after treatment and 
the increase of the corneal rigidity, at humans, with 320% [4]. A long 
term follow-up showed that the stiffening effect is maintained over 8 
months [17]. In time, long term durability of the strengthening effect 
is present.

Does CXL promote artificial aging?

CXL increases corneal stiffness and resistance to enzymatic 
digestion [18] and also alters the cornea’s behavior under thermal, 
hydrostatic plus electrophoretic stress [19]. This means that the exact 
magnitude of its clinical effects cannot be quantified.

Marshall et al. [20], in a study, used corneas that underwent 
epithelial debridement alone, corneas with epithelial debridement with 
CXL and epithelial debridement with CXL with glutaraldehide 10%.

The results showed an increase in corneal stiffness linear with age 
and Young’s corneal modulus increased 4,3 times. This means that 
CXL ages the cornea 600 years in approximately 600 seconds [20]. 

Cross-linking instruments
Initial, Wollensak et al. [5], in 2003, used a 370-nm UV light 

diodes (Roithner Lasertechnik, Vienna, Austria) with a potentiometer 
regulating the voltage [5].

In the present are available:

- The XLink TM (Optos, Dunfermline, UK) has an intensity range 
of 0.5 - 5 mw/cm2 and is used in standard 30-min CXL procedures.

- The CBM Vega XLink Crosslinking System (Carleton Optical, 
Chesham, UK), designed for standard 30-min CXL, was used effectively 
in several clinical studies [21,22]. 

- The LightLink CXL TM (LightMed, San Clemente, Calif., USA) 
has a wide range of irradiance between 0.5 and 30 mw/cm2, allowing a 
choice of various treatment protocols from 3 to 30 minutes. 

- The UV-X TM 2000 Crosslinking System (IROC Innocross, 
Zurich, Switzerland) has a maximal intensity of 12 mw/cm2 and can be 
used for a 10-min accelerated CXL procedure. 

- The KXL TM System (Avedro, Waltham, Mass., USA) is able to 
produce a light intensity of 30 mW/cm2, enabling ultrafast accelerated 
CXL with less than 3 minutes of UVA exposure. 

Types of cross-linking techniques
There are several CXL techniques: Epi-Off Cross-linking (CXL) 

technique (Standard procedure), CXL with hypo-osmolar Riboflavin 
solution, Epi-On CXL technique, Accelerated CXL, Iontophoresis 
CXL, Contact Lens-Assisted Cross-Linking, LASIK-Xtra, Topography-
guided PRK and CXL, Intrastromal Corneal Ring Segments and CXL, 
Epithelial Island Cross-Linking, Orthokeratology and CXL

Ocular examination before cross-linking
Discussion with the patient about the CXL procedure (Preoperative 

Counselling) is very important. It has to be told to the patient that the 
goal of CXL is not a refractive endpoint, it is a procedure that stops the 
ectasia, does not give back sight. It has to be explained the technique 
and its effects - limits further progression of the corneal ectasia. We 

Photopolymerization is activated by means of a non-toxic and soluble 
photomediator and a wavelenght which is absorbed strongly enough to 
protect deeper layers of the eye (riboflavin).

Biomechanical changes in the cornea after CXL 
Andreasson et al. showed that the biomechanical strenght of 

the cornea is abnormally low in keratoconus [7]. Elsheikh, Hadley, 
Krueger and Seiler demonstrated that keratoconus rarely occurs in 
instances where corneal stiffening is increased by enhanced collagen 
CXL (elderly, diabetes) [8-11]. 

The basis of enhanced biomechanical strength in cornea after 
CXL is represented by the formation of covalent crosslinks after the 
action of riboflavin on the de-epithelized surface of the cornea with 
the exposure of UVA light. Beyond the forming of crosslinks, the free 
radicals interact with amino-acids in the vicinity of collagen molecules 
resulting the formation of strong chemical bounds [12].

Are cross-links confined to collagen? Do they occur 
nonspecifically in tissue?

It was not yet demonstrated. In theory collagen fiber’s surfaces 
are too widely separated to allow direct interfibrillar linkages. Corneal 
collagen associates with other bridging collagens and proteoglycan 
molecules that causes indirect interfibrillar cross-linking via these 
molecules.

Müller et al. [13] showed that cross-linked corneas swell less than 
normal. In their study they showed that riboflavin – dextran reduces 
the corneal thickness of sheep, up to 17% in 35 minutes of exposure. 
The question was the resistance to stromal swelling in CXL-treated 
corneas. The resistance to stromal swelling in CXL - treated corneas 
is due to presence of dextran indirect interfibrillar CXL. Wollensak 
et al. [5] showed in their studies that CXL stops the progression of 
keratoconus or induces slight regression.

Braun et al. [14] presented the corneal rigidity after CXL and 
showed a decrease in corneal elasticity after riboflavin /UVA CXL 
(measured with contact ultrasonic device) [14].

Luce et al. [15] presented that corneal hysteresis is an indicator of 
corneal viscoelasticity evaluated with the Ocular Response Analyzer. 
Albe [16] and Zadok [12] evaluated the corneal hysteresis after CXL. 
They presented a study that showed an increased corneal hysteresis after 
CXL in ovine corneas. They showed that biomechanical measurements 

Figure 1. CXL mechanism of action.
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have to present the fact that spectacles or contact lenses will still be 
required after the procedure, but the patient will be able to continue 
his lifestyle and job.

Present the postoperative course - haze, pain, delay in re-
epithelisation, infection prevention, sterile infiltrates, tear dysfunction. 
The rigid gas permeable contact lens (RGP) must be removed 2 weeks 
before CXL. Vitamin C (antioxidant) will be applied discontinued 1 
week before CXL in patients with atopic eye disorders or poor tear 
function.

The effect of CXL may take 3 to 6 months. We have to explain that 
after CXL the patient will note a slightly loss of visual acuity.

Ocular examination:

	 Uncorrected (UC VA) and best corrected (BC VA) visual 
acuity

	 Ocular refraction

	 Keratometry (must be less than 60D)

	 Corneal topography (Pentacam)

	 Pachymetry (at least 400 µ)

	 Endothelial cells count

Cross-linking procedures
Epi-Off Cross-linking (CXL) technique (Standard procedure)

•	 The standard protocol consists in: 

a.	 Sterile opening, in the surgery room, of the ophthalmic 
solution of riboflavin 0,1% - dextran 20%

b.	 Verification of the power of the illuminator UVA array in a 
solid state CBMX linker with a UVA power meter

c.	 Topical anesthesia – 3-4 drops, 15-20 minutes before CXL

d.	 Removal of the corneal epithelium on a 9mm diameter

e.	 Instillation of a drop of alcaine

f.	 Instillation of riboflavin 0,1% every 3 min for 30 minutes 
before the irradiation

g.	 Corneal irradiation of central 9mm through the CMBX linker 
plus instillation of riboflavin 0,1% every 3 minutes for 30 minutes;

h.	 Instillation of antibiotics and steroids;

i.	 Therapeutic contact lens for 3-4 days

•	 Postoperative management:

a.	 A therapeutic contact lens is applied for 4-5 days

b.	 Use of antibiotics plus steroids and lubricants for 4 to 6 weeks

c.	 Postoperative check-up at 28, 48 hours and at day 4 - 5 to 
remove the contact lens

d.	 The follow up is at 6 weeks and 3, 6, 9, 12 months after CXL

•	 Complications may appear, such as:

Ocular pain, haze, aseptic corneal infiltrates, delayed corneal healing

•	 The role of Riboflavin is: 

1. absorption and concentration of the UV radiation

2. is a photosensibilizing agent for the production of a kind of 
reactive oxygen (singlet oxygen

3. for endothelial protection

•	 The role of Dextran T 500 is:

Riboflavin 0,1% solution contains Dextran T 500 20%

1. Maintains the osmolarity

- Corneal stroma osmolarity is 380-420 mosmol/l

- Riboflavin 0,1% - Dextran 20% osmolarity is 400 mosmol/l

2. Avoids corneal soaking and swelling during the treatment

CXL with hypo-osmolar riboflavin solution
The modified protocol is applied in thin corneas (advanced 

progressive keratectasia). It uses the hypo-osmolar riboflavin solution 
0,1%, that does not contain dextran. It starts with the removal of the 
epithelium. The next step is instillation of iso-osmolar riboflavin 
solution for 30 minutes. 

After, the corneal stromal thickness is measured by ultra sound 
pachimetry. If the cornea is under 400 microns, hypo-osmolar 
riboflavin is applied every 20 seconds for 5 minutes. The corneal 
thickness is checked again. If the is still under 400 microns, hypo-
osmolar riboflavin is still applied.

Epithelium-on CXL technique – trans-epithelial tensioactive 
mediated CXL

Is the protocol of Roberto Pinelli and Elschawaf [24]. Uses 
riboflavin that contains benzalkonium chloride (BAK) and Gentamicin 
which is applied directly onto the intact epithelium. The mechanism of 
action is that the BAK changes the surface tension and allows riboflavin 
to penetrate the cornea.

There are some advantages:

It is less invasive, with fewer complications and it increases the 
patient’s comfort. [24]

•	 Results:

There was visual improvement and no progression after treatment, 
but the effect of CXL was lower. However, the effect of “epithelium-on” 
CXL varies from “less effective than standard CXL” [25] to “moderately 
effective” [26] to “appearing to stop keratoconus progression, with 
a statistically significant improvement in visual and topographic 
parameters” [27]. Is a useful technique, in special cases, when epithelial 
debridement should be avoided, such as in patients with dry eyes, 
uncooperative patients, patients with very thin corneas and pediatric 
patients.

Accelerated cross-linking

Accelerated cross-linking, in which the UV light is delivered at a 
higher intensity over shorter periods of time, is growing in popularity. 
Initial published reports indicate that this is a safe and effective 
alternative to the traditional Dresden protocol, but larger studies are 
needed to understand the optimal parameters. Combining accelerated 
treatments with pulsing of light and supplemental oxygen may be 
even more effective. Three multicenter studies in the United States are 
looking at the efficacy of accelerated cross-linking. Ultraviolet power 
is increased typically from 3 to 30 milliwatts, and early results are 
encouraging. 
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Iontophoresis cross-linking

It is a noninvasive technique in which a weak electric current is 
used to enhance the penetration of electrically charged molecules into 
tissue. It’s safety and efficacy of delivering drugs through cornea and 
into other ocular tissues had been proven [28,29]. Riboflavin is suitable 
for the technique of iontophoresis, due to small molecular weight, high 
solubility in water and being negatively charged at physiological pH. 

Arboleda et al. [30] showed that iontophoresis was a good candidate 
for riboflavin delivery into corneal stroma, but the formulation should 
be in a saline buffer instead of hyperosmotic dextran. Mencucci et al. 
demonstrated that morphological and biomolecular changes of corneas 
treated with ionto-CXL at 10 mW/cm2  for 9 minutes were similar to 
corneas treated with standard CXL at 3 mW/cm2 for 30 minutes. 

Contact lens-assisted cross-linking

Jacob et al. presented the procedure for thin corneas (corneal 
thickness less than 400 μm after epithelial removal). The procedure 
starts with epithelial abrasion, then the isoosmolar riboflavin 0.1% 
with dextran is applied every 3 minutes for 30 minutes. An ultraviolet 
barrier-free soft contact lens (0.09 mm thickness, 14 mm diameter) 
soaked in isoosmolar riboflavin 0.1% for 30 minutes is placed on the 
cornea.

Intraoperative minimum corneal thickness changes were recorded 
with ultrasound pachymetry and optical coherence tomography. After 
illumination, the riboflavin-soaked contact lens is removed. Silicon 
hydrogel bandage contact lens was applied on the cornea until re-
epithelialization.

LASIK - Xtra

Procedure: Recognizing the enormous potential safety benefit in 
restoring the strength of corneas weakened by Lasik, Avedro’s team 
began to investigate the limitations associated with standard cross-
linking. The Avedro team made a breakthrough discovery that reduces 
cross-linking time from one-hour to a few minutes and led to the 
development of Avedro’s “CXL System” for accelerated cross-linking 
and the “Lasik-Xtra procedure” for prophylactically cross-linking 
during Lasik surgery. 

Lasik-Xtra has the added advantage of being able to apply the 
riboflavin directly into the Lasik flap interface, eliminating the need 
to remove the epithelium and to prophylactically cross-link in five 
minutes during a Lasik procedure. This procedure has an increased 
flap adhesion.

Mi et al. [33] showed that the flap adhesion has an increased 
strength to the stromal bed. Todani et al. [34] presented that epithelial 
cells have a tendency to show in-growth, but the adherence of the flap 
could reduce or eliminate epithelial cell in-growth under the flap.

Averdo has performed similar experiments using a load cell for 
small force measurements which showed similar results of increased 
flap adhesion following cross-linking. This effect could result in a 
quicker stabilization of the flap-bed interface and reduce the incidence 
of epithelial in-growth.

Results: According to John Kanellopoulos [35] , prophylactic 
cross-linking during Lasik results in no refractive effect from cross-
linking and “appears to be a safe and effective adjunct treatment against 
potential ectasia”.

Topography-guided PRK and CXL (Athens protocol)

Procedure: In 2011, Kanellopoulos and Binder presented a 
combination treatment using simultaneous CXL and PRK in patients 
with post laser ectasia [36]. The goal was to use Photorefractive 
Keratectomy (PRK) to improve visual outcomes by normalizing 
the corneal surface, reducing irregular astigmatism and potentially 
reducing the refractive error, in addition to the corneal stabilization 
effect of corneal CXL. 

Results: The results showed improvement at the end of follow-
up in uncorrected distance visual acuity (UC VA) and corrected 
distance visual acuity (CD VA) to 20/45 or better and topographic 
improvement. This treatment protocol is commonly referred to as the 
“Athens protocol”

Intrastromal corneal ring segments and CXL

As a vision-correcting method, intrastromal corneal ring 
segments (ICRS) which were designed originally for the correction 
of mild to moderate myopia, are now being investigated to correct 
keratoconus without central corneal scarring [37].  CXL strengthens 
the biomechanical properties of cornea without significantly changing 
its shape. Combining two methods would be a logical solution to gain 
the benefits of both. To achieve better effect, ICRS implantation should 
be performed first so the segments can reshape the cornea without 
restriction. The optimum interval between ICRS and CXL in combined 
treatment is uncertain, and ophthalmologists had different interval 
time [38-40]. 

Further studies can be planned to compare the effectiveness of 
different combinations.

Epithelial island cross-linking

The procedure is “epithelial island cross-linking (EI-CXL) with 
customized pachymetry-guided epithelial” [41]. The epithelial island 
protects the thin apical cornea from the UV radiation and its borders 
and provides a refraction of UVA rays deviating their impact in an 
intermediate stromal level. The Mazzotta Cosimo and Ramovecchi 
study showed the EI-CXL technique is safe, efective and reduces the 
patient’s discomfort. One month after EI-CXL, in vivo laser scanning 
confocal microscopy (IVCM) demonstrated keratocyte’s apoptosis 
under the epithelial island at 150 μm of depth on average range of 130 
- 170 μm and in the paracentral and de-epithelialized ring at 250 μm 
depth on average of 230 - 270 μm, suggesting that the effect of cross-
linking under epithelial island may be weaker [41].

Orthokeratology and CXL

CXL stabilizes the outcome of corneal reshaping and shows 
improvement of visual acuity in patients with keratoconus after 
orthokeratology treatment. Siena group protocol shows that it is not 
able to stabilize the orthokeratology molding effect [42].

Clinical applications of cross-linking
The clinical applications of cross-linking are:

a.	 Corneal ectasia - keratoconus – different stages

  - pellucid marginal degeneration

  - iatrogenic: after LASIK

b.	 Corneal infections
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c.	 Chemical burns

d.	 Bullous keratopathy and other causes of corneal edema

e.	 LASIK and CXL

f.	 PRK and CXL

g.	 Intra-corneal stromal rings and CXL

g.	 Scleral CXL (experimental study)

CXL in Keratoconus

•	 Topography: The frontal apical elevation showed a 
significant reduction, starting from the 2nd month after surgery. 
The spheric aberration and high orders does not show statistically 
significant variations. The coma aberration is highly reduced from the 
first month after CXL [44].

•	 Keratometric values: Showed a regression of aproximatevly 
2D in 70% of patients, after 3-6 months from CXL. [43]. Caporosi et al. 
[44] Showed a mean K reduction of 2.1D.

•	 Refractive errors: Were reduced with 1,14D [19]. Dresda’s 
study showed a reduction of spherical equivalent of 2,5D.

•	 Pachymetry (ultrasonic): Showed a little increase of the 
corneal thickness in the first month. After 3 months no significant 
changes observed.

•	 UCVA and BCVA: Was improved in 68% of cases [43]. At 
1 month 3 Snellen lines increase at the UCVA and 1,2 Snellen lines at 
BCVA. At 3 months 3,6 Snellen lines increase at the UCVA and 1,6 
Snellen lines at BCVA. 

•	 Endothelial cell count: Presented no significant changes.

CXL in pellucid marginal degeneration

In pellucid marginal degeneration (PLE), corneal thinning is 
more peripheral than in keratoconus (KCN) [45]. Koller showed that 
the depth of the CXL effect 3 mm away from the center of the cornea 
decreases to 65% of the central depth. In conclusion, the intended 
depth of CXL using current light sources is achieved only within the 
central area of the cornea, and in order to provide CXL to the peripheral 
cornea, the ultraviolet beam either should have an improved intensity 
profile or may have to be decentered [46]. 

Greenstein presented clinical trial, examining the 1-year effect 
of CXL in 99 eyes with KCN and PLE. This trial showed a decreased 
flattening effect following CXL in peripheral cones when compared 
with flattening results for central cones [47]. 

Lamy presented a 2-year series evaluating 68 KCN eyes. This study 
found a significant difference in visual acuity parameters between 
centrally and para-centrally located apices in favor of the central apices 
[48]. 

Steppat presented that eyes with PMD following CXL procedures 
showed stable keratometric results and good visual acuity in all eyes 
except one [49]. 

A few case reports describing CXL for PMD have been published. 
All showed improvement and/or stabilization of visual acuity and 
keratometric parameters [50-52]. 

CXL in keratectasia

Keratectasia which is also called iatrogenic ectasia that occurs after 

laser surgery, such as laser-assisted in situ keratomileusis (LASIK) and 
photorefractive keratetomy (PRK), was first reported by Seiler et al. 
[53] in 1998.

Richoz et al. [54] showed that CXL could arrest the progression 
of keratectasia and improve CDVA and decrease  K max. Aiming to 
correct the refractive error in patients with keratectasia, Kanellopoulos 
and Binder performed PRK combined with CXL in patients with 
keratectasia which happened 1 to 4 years after LASIK [36].

The residual corneal stromal bed less than 250 μm could induce 
keratectasia and corneal flap plays little biomechanical effect. Kymionis 
and Wollensak presented the PTK-PRK-CXL method, that is, to 
perform PRK on flap after epithelium is removed with PTK, and then 
perform CXL with “Dresden protocol” [5,55]. CXL should be the first 
choice for patients with progressing keratectasia.

Ectasia following photorefractive surgery

Richoz presented a retrospective study that evaluated 26 eyes 
with PLE (23 eyes) and with ectasia after PRK (3 eyes) during a 2-year 
follow-up period. There was significant improvement in CDVA, 
K-max and several topographic indices of corneal regularity (such as 
index of surface variance, index of vertical asymmetry, KCN index and 
central KCN index) [54].

In 2011, Kanellopoulos and Binder reported their data on a 
combination treatment using simultaneous CXL and PRK in patients 
with PLE. The goal was to use PRK to improve visual outcomes by 
normalizing the corneal surface, reducing irregular astigmatism and 
potentially reducing the refractive error - in addition to the corneal 
stabilization effect of corneal CXL [35]. 

CXL in Infectious Keratitis

Muller and Rau had demonstrated the anti-microorganism effect 
of UV rays and riboflavin could act as a photo-mediator to inactivate 
pathogens in plasma, platelets, and red blood cells [56-59]. 

Spoerl et al. [18] showed that CXL could increase the resistance 
of the cornea against enzymatic digestion. Besides, reactive oxygen 
species produced by CXL can eliminate or suppress the proliferation 
of pathogens through destroying the nucleic acids of pathogens 
[18,60].  Ferrari et al. [61] cured 1 eye with  Escherichia coli  derived 
keratitis by using CXL [61]. Li et al. [62] cured 8 eyes with fugal keratitis. 

Müller et al. [63] performed CXL on eyes with corneal 
melting induced by variable pathogens including bacteria, fungi, 
and Acanthamoeba. To resolve the deficient corneal reepithelization, 
amniotic membrane implantation was performed 6 months after CXL. 
However, the outcomes of CXL on  Acanthamoeba  were different 
[64,65]. This may be explained by the fact that the effectiveness depth 
of CXL limited to the anterior 300 μm and the treatment might be 
unsuccessful when microorganisms are penetrating too deep [11]. 

When CXL is combined with antibiotic drugs, the effect of cross-
linking alone is uncertain. It is found that the success rate is higher 
for bacterial infections than fungal infections and that cross-linking 
should not be performed in eyes with prior herpes simplex [66]. 

Makdoumi et al. [67] and Martins et al. [68] implied that the 
parameters used in treatment of keratoconus might not fit for cure 
of keratitis. It seems that antimicrobial effect of cross-linking will be 
enhanced when dose of UVA is increased. 
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CXL in sclera-experimental study

Wollensak et al. [69] proved that CXL increases the stiffness of 
porcine and human sclera. Thus, porcine sclera is a better study model 
for sclera collagen cross-linking.

Cross-linking advantages
The cross-linking technique has a lot of advantages: Is a procedure 

easy to perform, noticeably reduced time of procedure, is a localized – 
selective treatment, the lack of scarring, availability of Riboflavin (non-
toxic, hydrosoluble) and has a good stromal penetration. 

Safety parameters in cross-linking
UVA cytotoxic threshold for the endothelium is 0,65 J/cm2. UVA 

cytotoxic threshold for the lens is 70 J/cm2. Riboflavin can decrease 
of about 95% of the UVA light intensity, allowing to remain below 
the endothelium cytotoxic threshold for corneal thickness over 440 
microns.

Known risks of CXL
There are no known side effects for the corneal endothelium, lens 

and retina. Post surgery pain and feeling of foreign body for 24 – 48 
hours, till re-epitelization is complete. The patient can present hyper-
tearing for 24-72 hours andtransitory corneal edema with visual haze 
for 30-60 days. Cross-linking treatment does not exclude the possibility 
of keratoplasty [70,71]

Conclusions
Cross-linking is a safe and efficient method of treatment in corneal 

ectasia in order to stop or arrest the progression of conus.
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