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RefRactive SuRgeRy coRneal collagen cRoSS-linking

C
orneal collagen cross-linking (CXL) has been 
established as an effective surgical treatment to 
increase the biomechanical stability of the cor-
nea.1-4 Surgeons first used the procedure to treat 

idiopathic kerato ectasia such as keratoconus and pellucid 
marginal degeneration and also iatrogenic ectasia such as 
post-LASIK ectasia and more rare forms of post-PRK ectasia. 
Five years ago, my team in Athens, Greece, introduced the 
concept of performing prophylactic, high-fluence CXL after 
LASIK or PRK. 

IMPETUS
During the past 10 years, I have had the opportunity to 

practice internationally as well as in New York City. I have 
been struck by the high prevalence of keratoconus in the 
Eastern Mediterranean. In my experience, one in every 100 
to 200 young men in Greece has some form of clinical or 
subclinical keratoconus (vs a reported incidence of 1:2,000 
in the United States5). For the past several years, it has been 
routine in my practice for the siblings of patients who have 
undergone a successful LASIK procedure to undergo an 
evaluation. To my surprise (and terror), many of them have 
overt topographic keratoconus. This finding naturally made 
me anxious about my LASIK patients’ future. Their preoper-
ative examinations were normal, but they might have been 
at an age when the biomechanical stability of the cornea 
had not been fully established. Moreover, I have reviewed 
evidence from John Marshall, PhD (personal communica-
tion, 2011), that performing refractive surgery, especially 
LASIK, reduces the biomechanical stability of the cornea by 
about 20%, mainly due to the vertical interruption of ante-
rior corneal lamellae. It therefore was a logical next step for 
my team and me to employ CXL as a prophylaxis in what I 
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Figure 1.  The surgeon has repositioned the LASIK flap. After 

soaking with riboflavin, the stroma has acquired a yellow tinge.

Figure 2.  Optical coherence tomography after LASIK shows 

hyper-reflective evidence of CXL around the flap interface.
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considered to be high-risk LASIK or PRK cases. 
I arbitrarily categorize as high-risk LASIK cases those 

involving patients under 25 years of age who have a refrac-
tive error of greater than 6.00 D, patients who have more 
than 1.00 D of astigmatism, and patients who have greater 
than 0.50 D of asymmetry in the astigmatism of their two 
eyes. Obviously, I consider patients who have a first- or 
second-degree relative with documented keratoconus to 
be high risk. I should note that these criteria are applied to 
patients with normal corneal topography and tomography. 
I am not considering the combined procedure for patients 
with forme fruste keratoconus or other corneal irregulari-
ties. Additionally, I require a residual stromal bed of at least 
350 µm for LASIK.

With regard to PRK, I perform prophylactic CXL based on 
the aforementioned criteria but also 
on corneas that have the appearance 
of forme fruste keratoconus and 
those with a preoperative thickness 
below 500 µm. 

PRoCEDURES AnD EARly 
RESUlTS
CXL Combined With LASIK

My protocol for prophylactic 
CXL, when combined with LASIK or 
PRK, was to use about one-half to 
one-third of the classic Dresden pro-
tocol.1 The specifics of my approach 
to combined prophylactic CXL and 
LASIK in my study are as follows.6 
After completing the LASIK ablation, 
I placed one drop of 0.1% riboflavin 

sodium phosphate on the stromal 
bed and waited 1 minute while tak-
ing care not to soak the folded flap. 
I then repositioned the LASIK flap 
and thoroughly irrigated the residual 
riboflavin from the eye, after which I 
applied 10 mW/cm2 of high-fluence 
ultraviolet (UV) light (Figure 1).

Prophylactic CXL minimally 
affected my LASIK nomogram. 
Patients’ visual rehabilitation was 
immediate, and I encountered 
no complications. Of course, the 
amount of rigidity restored to the 
eye after the LASIK procedure is 
difficult to measure, although the 
eyes that underwent combined 
LASIK and CXL have thus far 
required fewer retreatments. The 

follow-up period now extends to 5 years. 
Optical coherence tomography has demonstrated 

hyper-reflective activity (100-150 µm) over and, to a greater 
degree, under the LASIK flap in the eyes that have under-
gone CXL after LASIK (Figure 2). In addition, optical coher-
ence tomography has revealed a diminution of the clear 
space typically observed within the flap interface, a finding 
that suggests better adhesion of the flap to the interface. 
Anecdotally, I have found it more difficult to relift the flap 
after combined LASIK-CXL procedures than after LASIK 
alone (http://www.youtube.com/watch?v=onup8JWRUN8).

Recently, my colleagues and I reported the results 
of a long-term, randomized study of prophylactic CXL 
combined with hyperopic LASIK in one of the patients’ 
two eyes (Figures 3-5).7 Since our initial work, we have 

Figure 4.  The topography-guided hyperopic LASIK treatment plan is centered on the 

visual axis in order to correct for angle k, and it appears nasally decentered in refer-

ence to the image of the pupillary circle.

Figure 3.  Using the WaveLight FS200 Femtosecond Laser, the surgeon creates 

a nasally decentered LASIK flap in order to accommodate a topography-guided 

laser ablation (pictured in Figure 2) with the WaveLight EX500 Excimer Laser (both 

products are a part of the WaveLight Refractive Suite manufactured by Alcon 

Laboratories, Inc.). The red circle represents the pupillary circle.
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switched to the VibeX/KXL System (Avedro, Inc.; not 
available in the United States). This device allows us to 
use up to 45 mW/cm2 of UV fluence. Under Avedro’s 
protocol, we perform CXL with 30 mW/cm2 for just 
1 minute. Our observation of a statistically significant 
reduction in hyperopic regression has changed our think-
ing about the etiology of this common occurrence after 
hyperopic LASIK. Traditionally, ophthalmologists have 
considered hyperopic regression to be perhaps due to 
an amount of residual hyperopia not measured during 
the patient’s initial evaluation for the LASIK procedure or 
even due to epithelial remodeling. In our study, the group 
of eyes that underwent CXL paradoxically retained the 
steeper cornea produced by hyperopic LASIK, whereas 
the eyes that did not receive CXL experienced more 
significant flattening, mainly over the first 1 to 2 years 
postoperatively. Our findings suggest a biomechanical 
mechanism, possibly an outward movement of the cor-
neal midperiphery that produces arc-like flattening of the 
central cornea and thus reduces the steepening produced 
by hyperopic LASIK. If our data hold true, it may become 
desirable to perform some form of CXL in all cases of 
hyperopic LASIK to modulate this theorized  biomechani-
cal behavior of the cornea. 

 
CXL Combined With PRK

I have published my approach to combining CXL and 
PRK.8 My results with combined PRK-CXL have been 
similar to mine with combined LASIK-CXL. 

Over the years, I have found that CXL can also be 
used to modulate corneal scarring after PRK. CXL 

Figure 5.  In the contralateral eye study by Kahn et al,7 the control group’s keratometry readings decrease dramatically, 

consistent with hyperopic regression. In contrast, the patients who underwent prophylactic CXL in combination with 

hyperopic LASIK have more stable keratometry readings.

Figure 6.  The surgeon uses a disposable cannula to infuse 

the laser pocket in a cadaveric cornea with verteporfin (A). 

After the cornea soaks in the drug, red light is applied to acti-

vate the verteporfin (B). (Continued on page 54)
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decreases the number of keratocytes, which slowly 
repopulate the cornea during the first 3 to 6 months 
after PRK.9 This effect was also evident in a study of 
topography-guided PRK performed sequentially with 
versus on the same day as CXL for the treatment of 
keratoconus.8

ConClUSIon
The indications for CXL seem to be expanding dramati-

cally. In my clinical practice, I have routinely used prophy-
lactic CXL in high-risk LASIK cases. Refractive surgeons’ per-
formance of CXL after hyperopic LASIK may also become 
routine for reducing long-term flattening of the cornea and, 
thus, hyperopic regression. In addition, CXL is proving effec-
tive at decreasing corneal scarring after PRK. 

Our investigative team in Athens has been working on 
using verteporfin (Visudyne; Novartis AG) instead of ribo-
flavin as a CXL photosensitizer (Figure 6). The beauty of this 
potential application would be that verteporfin is sensitized 
by red rather than UV light and that the FDA has approved 
the drug, althoug this use would be off label. n 

Note: The FDA has not approved CXL or topography-guided 
laser refractive surgery.

A. John Kanellopoulos, MD, is the direc-
tor of the LaserVision.gr Eye Institute in 
Athens, Greece; an attending surgeon at the 
Department of Ophthalmology, Manhattan Eye, 
Ear, and Throat Hospital in New York; and a 
clinical professor of ophthalmology at New York University 
Medical School in New York. He is a consultant to Alcon 
Laboratories, Inc.; Avedro, Inc.; Seros Medical, LLC; and 
WaveLight Laser Technologie AG. Dr. Kanellopoulos may 
be reached at +30 21 07 47 27 77; ajkmd@mac.com.

1.  Wollensak G, Spoerl E, Seiler T. Riboflavin/ultraviolet-a-induced collagen crosslinking for the treatment of keratoconus. Am J 
Ophthalmol. 2003;135:620-627.
2.  Mazzotta C, Traversi C, Baiocchi S, et al. Conservative treatment of keratoconus by riboflavin-UVA-induced cross-linking of 
corneal collagen: qualitative investigation. Eur J Ophthalmol. 2006;16:530-535.
3.  Mazzotta C, Balestrazzi A, Traversi C, et al. Treatment of progressive keratoconus by riboflavin-UVA-induced cross-linking of 
corneal collagen: ultrastructural analysis by Heidelberg Retinal Tomograph II in vivo confocal microscopy in humans. Cornea. 
2007;26:390-397.
4.  Hafezi F, Kanellopoulos J, Wiltfang R, Seiler T. Corneal collagen crosslinking with riboflavin and ultraviolet A to treat induced 
keratectasia after laser in situ keratomileusis. J Cataract Refract Surg. 2007;33:2035-2040.
5.  National Keratoconus Foundation. What is keratoconus? http://www.nkcf.org/en/about-keratoconus.html. Accessed April 
17, 2012.
6.  Kanellopoulos AJ. Long-term safety and efficacy follow-up of prophylactic higher fluence collagen cross-linking in high 
myopic LASIK. Clin Ophthalmol. In press.
7.  Kahn J, Kanellopoulos AJ, Song C, Cho M. Crosslinking and long-term hyperopic LASIK stability: initial clinical findings in con-
tralateral eye study. Course presented at: ASCRS Symposium on Cataract, IOL and Refractive Surgery; April 22, 2012; Chicago, IL.
8.  Kanellopoulos AJ. Comparison of sequential vs same-day simultaneous collagen cross-linking and topography-guided PRK 
for treatment of keratoconus. J Refract Surg. 2009;25:S812-818.
9.  Kanellopoulos AJ. The management of cornea blindness from severe corneal scarring, with the Athens protocol (transepi-
thelial topography-guided PRK therapeutic remodeling, combined with same-day, collagen cross-linking). Clin Ophthalmol. 
2012;6:87-90.

“the information  
we gather will  

demonstrate how to balance  
the protocol.”
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