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Background

• Dresden protocol effective, epi removal risks

• Advantages of less invasive transepi CXL

• Return to preop vision, function POD 1

• Log scale shift in safety and risk/benefit 

• Treat upon diagnosis



Perforation after Epi-Off CXL



• Initial excitement

• Majority progressed @ 2 yr

• Published 2013
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Epi-On Success Requires

1. Stroma: Reliable, consistent riboflavin loading 

2. Epithelium: Good UVA transmission, relatively 

clear of riboflavin, intact, non-edematous, 

3. Oxygen: Rate limiting reagent if 1,2 present
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Purpose

• Evaluate corneal penetration of riboflavin 
using a novel, proprietary, patent      
pending formulation and delivery system

• Compare results to those using a 
commercially available product

• Correlate slit lamp findings with 
quantitative measurements of corneal 
riboflavin concentration
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Materials

• Absorption Systems, Inc., San Diego California

• 3-4.4 kg New Zealand white rabbits

• Group 1: ParaCelTM q90 sec x 4 min., then VibeX XtraTM

q90 sec x 6 min. (per label)1

• Group 2: Proprietary prep x 30-60 sec. then 

CXLUSA/CXLO riboflavin2 via sponge with drops q1-3 min 

x 10 min.
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1Trans-epithelial Cross-Linking Kit, Avedro, Inc.
2Proprietary system from CXL Ophthalmics utilized by CXLUSA investigators 

under a physician-sponsored IRB approved study.



Methods

• Slit lamp photos at baseline
• Riboflavin application 
• Masked grading and slit lamp photos at 10, 15, 

and 20 min. (2X labeling)
• Euthanasia, epithelial removal, and riboflavin 

assay by liquid chromatography/tandem mass 
spectrometry (LC-MS/MS) 22-25 min. after 
application
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Slit Lamp Grading System

Grade Findings

I Mild green tint just visible

II Substantial green visible

III Obvious green color

IV Bright green appearance

V Strong, bright green color
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Grade 0/V              
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Grade I/V



Grade II/V              

15

Grade III/V



Grade IV/V              
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Grade V/V



Ex Vivo Rabbit Cornea SL Photos

Paracel™-VibeX Xtra™

At 20 min

CXLUSA Formulation                      

At 10 Min



Ex Vivo Rabbit Cornea SL Photos

Paracel™-VibeX Xtra™

At 20 min

CXLUSA Formulation                     

At 10 Min



Slit Lamp Grade
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Riboflavin Concentration
(μg/g at 20-25 min.)
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Correlation Between SLE and LC-MS/MS
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15 Min Epi-On Human CXLUSA 



Conclusions

• CXLUSA Riboflavin system produces a 4.0-fold        
greater corneal stromal concentration in the            
rabbit than commercially available system

• This correlates well with the 4.3-fold greater 
concentration of stromal riboflavin produced in 
the human by the epi-off technique [Gore et. al., 
2015; IOVS 56:5006] compared to the same 
commercially available system used in this study

231 Gore et al., 2015; IOVS 56:5006. 



Conclusions

• Failure of previous epi-on protocols to halt  
progression of ectatic corneal disease may, in part,     
be due to inadequate corneal riboflavin concentration

• Slit lamp exam provides a valid estimate of stromal 
riboflavin concentration that can be used to assure 
adequate corneal loading prior to UVA exposure
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Conclusions

• The CXL technique used by CXLUSA may   achieve 
corneal stiffening similar to that achieved by the 
classical Dresden epi-off technique without the 
risk of epithelial removal

• Early 2-year clinical data suggest this                      
is a valid hypothesis
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