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  UPDATE ON KERATOCONUS

W
ollensak et al reported on the first clinical study of 
CXL for the treatment of keratoconus in 2003.1 Their 
protocol, known as the Dresden protocol, involves 
anesthetizing the eye, removing the central 8 to 
10 mm of epithelium, soaking the corneal surface 

with a riboflavin solution for 30 minutes, and then exposing 
a central 9-mm zone of the cornea to 5.4 J/cm2 UV-A light at 
an irradiance of 3 mW/cm2 for 30 minutes. CXL has been a 
mainstay in the treatment of progressive keratoconus and post-
LASIK ectasia throughout Europe and Asia for the past 15 years 
and in the United States for the past 4 years. CXL induces 
changes in the anterior 250 to 300 µm of the corneal stroma, 
and a minimum corneal thickness of 400 µm is necessary to 
protect the corneal endothelium from potential damage. 

Several different modifications to the Dresden protocol 
have shortened the duration of the procedure (accelerated 
CXL), improved the recovery process and reduced 
complications (epithelium-on CXL), and improved visual 
outcomes (customized CXL and CXL combined with 
topography-guided PRK). 

 AVAILABLE THERAPEUTIC INDICATIONS 
The main therapeutic indications for CXL are stabilizing 

keratoconus and post-LASIK ectasia in adults, stabilizing 
keratoconus in children and adolescents, and improving 
visual outcomes in patients with keratoconus. 

 s   Stabilizing keratoconus and post-LASIK ectasia in adults. 
CXL is indicated primarily for the treatment of progressive 
keratoconus and LASIK-associated ectasia. Documenting 
disease progression is recommended before performing CXL 
on adults with keratoconus. Numerous studies using the 
Dresden protocol found significant flattening of the steepest 
keratometry reading and improvements in visual acuity and 
corneal topography after treatment.2 Long-term studies 
with follow-ups ranging from 4 to 7 years have also shown 
continued improvements in topographic parameters for up to 
7 years after CXL.3 Epithelium-off (epi-off) CXL has been shown 
to be effective in stabilizing post-LASIK ectasia and improving 
visual acuity in studies with more than 2 years of follow-up.4 

The major drawback of the Dresden protocol for CXL is 
its long duration. To address this, various accelerated CXL 
protocols have been developed based on the Bunsen-Roscoe 
law of reciprocity.5 These accelerated protocols use power 
settings ranging from 7 to 30 mW/cm2 and a duration 
of irradiation ranging from 3 to 15 minutes. Although 
clinical studies have demonstrated that certain protocols 
for accelerated CXL stabilize the disease and produce 
significant corneal flattening, they have also reported that 
the demarcation line was deeper and better defined in eyes 
treated with an irradiance of 3 or 9 mW/cm2 than with 
higher energy.6 Long-term comparative studies are required 
to determine whether accelerated CXL produces results that 
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are comparable to those achieved with the 
Dresden protocol.

Epi-off CXL is also associated 
with significant postoperative pain 
and increased risks of infection and 
corneal scarring, leading to interest in 
epithelium-on (epi-on) techniques. 
Initial studies showed that epi-on CXL 
is less effective than epi-off CXL. Recent 
modifications to improve the efficacy of 
the epi-on technique include the use of 
supplemental oxygen, high UV-A energy, 
and modified riboflavin formulations to 
enhance epithelial penetration (Figure). 
A phase 3 randomized controlled trial is 
currently being conducted in the United 
States to evaluate the safety and efficacy of epi-on CXL with supplemental oxygen. 
(Editors’ note: See the article on page 38 for more information on epi-on CXL.) 

s    Stabilizing keratoconus in pediatric patients. Keratoconus often progresses more rapidly in 
children than in adults. It therefore is not necessary to document disease progression before 
performing CXL on children.7 Studies have shown that an epi-off technique is preferable 
in pediatric patients because keratometry values worsened over time after epi-on CXL was 
performed in this population.8   

s    Improving visual outcomes in patients with keratoconus. Many patients lack functional 
vision after CXL. Refractive procedures have therefore been combined with CXL to improve 
postoperative visual acuity. Examples of so-called CXL plus procedures include pairing CXL 
with topography-guided PRK,9 transepithelial phototherapeutic keratectomy,10 intrastromal 
corneal ring segment implantation,11 and phakic IOL implantation.12 

Another procedure aimed at improving visual outcomes is customized CXL. During this 
epi-on procedure, customized topography-guided UV-A energy is delivered to the cornea, 
with more energy focused on the cone than the periphery. Initial studies using the Mosaic 
System (Avedro) showed improvements in visual outcomes and regularization of corneal 
topography.13,14 

 FUTURE THERAPIES 
Potential future therapeutic applications 

include CXL for the treatment of infectious 
keratitis and scleral CXL for axial myopia.

s   CXL for the treatment of infectious keratitis. 
The antimicrobial effect of riboflavin 
photoactivation is being explored as a 
potential treatment for ophthalmic infectious 
diseases. For example, CXL and photoactivated 
chromophore for keratitis (PACK-CXL) have 
been investigated as a possible treatment for 
infectious keratitis.15 PACK-CXL makes the 
cornea more resistant to enzymatic degradation 
by microbes by stiffening the corneal stroma 
and thus reducing the progression of corneal 

“The antimicrobial ef fec t of riboflavin 
photoac tivation is being explored as a potential 
treatment for ophthalmic infec tious diseases.”

Figure. Epi-on CXL with supplemental oxygen.
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melting.16 The procedure is contraindicated in eyes with previous herpes simplex virus 
infection. PACK-CXL has been shown to be more effective for bacterial than fungal 
infections.17 The available evidence supports the use of PACK-CXL in the treatment of 
infectious keratitis, but randomized controlled trials are required.18

 s   Scleral CXL for axial myopia. To date, there is no efficient and effective method of 
treating progressive myopia. Severe myopia causes progressive thinning and weakening 
of the sclera, and several studies have shown that impaired collagen crosslinking is an 
important factor in the weakening process of the myopic sclera.19-21 This finding suggests 
that techniques that induce collagen crosslinking, such as CXL using riboflavin and UV-A 
radiation, could also inhibit eye elongation and slow the progression of myopia.22 

Early studies showed that the combined use of riboflavin and UV-A light increased 
the mechanical strength of the sclera in a rabbit model, but treatment also resulted 
in a significant loss of photoreceptors and retinal pigment epithelium.22 CXL has been 
shown to stiffen and stabilize collagen-based tissues such as the sclera, but its potential 
application to the sclera for the treatment of myopia faces several barriers, particularly a 
potential cytotoxic risk to the retina.23 

 CONCLUSION 
CXL is evolving with accelerated protocols, epi-on techniques, combined procedures, 

and customized approaches. A greater degree of customization of treatments with 
accelerated protocols and epi-on techniques is likely to enable surgeons to achieve 
better refractive outcomes while maintaining a high level of safety.

Potential future applications of CXL include the treatment of infectious keratitis 
and progressive myopia. These are exciting applications that require further study to 
determine their safety and efficacy. n
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