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Decrease of UV-intensity 
courtesy E. Spoel MD 

3.00 mW/cm² 

1.49 mW/cm² 

0.74 mW/cm² 

0.36 mW/cm² 

0.18 mW/cm² 

0.09 mW/cm² 

Dresden protocol 3mw/cm2 
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Post-LASIK ectasia: -1 -1.75@ 75. Pach 445, Treated with epi-on 
CXL ( C3R) 3mW/cm2 for 30’ in 2005.  

Same case seen 3 years later with  ectasia progression 



Introduction of riboflavin in a femto-pocket 
CXL with 10mW/cm2 for 10 minutes 
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We introduced: Higher fluence CXL:  

6 mW/cm2 
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AAO 2008:  
CXL for 15 
minutes 
utilizing 
7mW/cm2 
fluence 



Zurich 2007: CXL for PBK: 2 femto  

pockets and CXL with 10mW/cm2 



Cornea remodeling without tissue removal 
shrinkage + CXL (10mW/cm2 x 10’) 

• Avedro, 
Keraflex first 
reports 

• Kanellopoulos, 
Herakar:TRXL 
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10 minute postop-Cornea OCT -8 months follow-up 
No regression of the flattening effect! 



Experimental setup 

O2 sensor under flap 
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?lumiflavins 

1DFR 

5DFR 

DMRF 

iprRF 



The Athens Protocol: topo-guided PRK+6mW/cm2 CXL x15’ 

   PTK 50um 

Topo-PRK 

CXL 

MMC 
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JRS Sept 2009 

Kolozsvári et al 
IOVS 2002;43:2165-2168 
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The Athens Protocol: 
Simultaneous surface ablation and CXL for 

correction of Refractive error in eyes with early 
keratoconus 

ISRS/AAO keynote 
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Topometric improvement: Significant reduction in IHD 
Myopia induction!: 

Refraction from +0.75-3.50@10 (20/60) to -0.75-0.75@170 (20/20) due to 
improvement of the topometric parameters 
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2 year follow up in a 15 y/o 
Topometric improvement: 

Significant reduction in IHD (Index of Height Decentration) 
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Long term LASIK regressions: 
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www.brilliantvision.com 

AAO/ESCRS 
2008 Prophylactic CXL in LASIK 



Every day practice LASIK Xtra 
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LASIK Xtra within the Alcon Refractive Suite 
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Hyperopic LASIK xtra 

27 



• CXL and long term Hyperopic LASIK stability. 
Initial clinical findings in a contralateral eye study  

 

Purpose: The evaluation of the safety and efficacy of the application of 
intrastromal CXL in a contralateral eye study in routine hyperopic LASIK 
Methods: 27 consecutive hyperopic and hyperopic astigmatic bilateral 

topography-guided LASIK patients were randomized to receive 5 minutes of 
10mW/cm2 CXL after in-the-flap administration of a single drop of 0.1% 

sodium phosphate riboflavin solution. All cases were treated with the 
Allegretto 400Hxz Eye-Q excimer laser and femtosecond laser flap creation. 

Peri-operative refractive error, keratometric, topographic and topometric 
measurements were evaluated with a mean follow-up of 23 months (22-35). 

Results: Mean sphere was +3.25D, Cyl: -1.75D. The CXL cases 
demonstrated a mean regression from treatment of +0.22D (diopters), the 

non-CXL cases: + 0.72 D, showing a very strong statistically significant 
difference even in the first 6 patients despite the expected flattening effect 

of CXL. 
 Conclusions: These preliminary data suggest that the combination of 
CXL in hyperopic LASIK may offer a very significant synergy in efficacy, 

suggesting that hyperopic LASIK long term regression may be more related 
to cornea biomechanical changes, than just residual accommodation.  
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High Fluence Transpethelial CXL 
early findings 

There is significant CXL effect 

The epithelium does not seem to absorb significant 
riboflavin 

Extremely comfortable, no recoup time 

Long term data neccessary 
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Trans epi  0.25% Ribo + 30mW X 3 min 
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Untreated Treated 



Transepi 30mW X 3’ + 0.25% ribo  1 week! 
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Conclusions higher fluence CXL  
 

Our current protocols 

1-Athens Protocol: topoPRK +10’x 10mw/cm2 

2-LASIK Xtra: 1’ (60”) 45mW/cm2 

2-PRK Xtra: 1’ (60”) 30mW/cm2 

3-Transepithelial CXL: 0.25% riboflavin + 
30mW/cm2  X 3’ (180”) 

3-Infection: 0.25% riboflavin + 45mW/cm2 x 5 
minutes 
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Conclusions higher fluence CXL  
 

Appears to be more effectve if Type I model of CXL 
holds true 

Customised fluence and riboflavin concentration may 
personalize CXL as a biomechanical stromal 
modulator for many applications: 

May prevent regression in hyperopia 

LASIK Xtra appears to have only potential 
advantages 

May become the standard of care for PRK (reduce 
scarring, epithelial hyperplasia) 
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Conclusions higher fluence CXL  
 

CXL can sterilize the stroma higher fluence and 
higher riboflavin % may be useful 

The apoptosis of keratocytes may have unknown 
benefit to epithelial hyperplasia and risks  

Potential endothelial toxicity 

Potential limbal cell cell and/or goblet cell toxicity 
from collateral Rib+ interaction 

CXL may prove to be the standard collagen stabilizer 
and adjunct disinfectant in LASIK, PRK and even 
cataract surgery 



AAO/ISRS meeting in Athens! 
December 17th 

The ISRS didactic 
course 

Live surgery and 
commentary in LASIK 
Xtra, Athens Protocol, 
CXL and femto cataract 
surgery 

Please contact: 

Helen@laservision.gr 
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