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CXL is The “life 
saber” of 
keratoconus 



Visual rehabilitation after CXL 

• Spectacles, Contacts, INTACS, 
DALK, PK! 

• Combined technique: CXL+tgPRK 
• CXL alone in keratoconus appears to halt ectasia progression; 

however, it also appears to leave the patient with puzzling visual 
rehabilitation when spectacles and contact lenses are ineffective or 
intolerable  
 

• Implantation of  phakic IOLs in cases with high residual myopia 
and/or anisometropia 

•  CXL prior to a phakic IOL will produce a more stable ground for 
calculating the refractive error 

 



Overcorrection! 
From UDVA 20/20 to 20/40 over 4 years  

with a 2.5D hyperopic shift 



Topo-guided partial PRK 
Topolyzer:Placido disc topography 
Pentacam (Oculyzer) 
Pentacam HD (oculyzer II)-Refractive suite 
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WaveLight® FS200 
Femtosecond Laser 

WaveLight® EX500 
Excimer Laser 

WaveLight® Refractive Suite 



The Athens 
Protocol 
7-years 
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The Athens Protocol 

   PTK 50um 

Topo‐PRK 

CXL 

MMC 



JRS Sept 2009 

Kolozsvári et al 
IOVS 2002;43:2165-2168 
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Higher fluence CXL 

10 

AAO 
2008:  
CXL for 15 
minutes 
utilizing 
7mW/cm
2 fluence 



Variable UV fluence 
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Combined same‐day tgPRK and 
CXL appear to be superior to the 
rehabilitation of KCN and ectasia 

One procedure 

Less PRK-associated scarring  

Better riboflavin penetration 

Less shielding of UV by Bowman’s wider CXL area 

Redistribution of cornea’s strain (biomechanics) 

No need to remove cross-linked cornea 

Underscore refraction 



Both groups: 

40% 
Significant 
pain with PRK 
in both Groups 

Re-
epithelializatio
n 90% by day 4 

Mean 
endothelial 
cell counts 
unchanged in 
both groups 
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Post-LASIK ectasia in a pilot +1.50 -2.50@135: 20/40 
Athens Protocol: PTK + topoPRK( +1 -1.75@ 140) + CXL 

At 3 years UCVA  to 20/15! 





Healing delay-day4-ok on 1 month 



PRK-like haze 1 year after, in heavy sunbathing 
improved with steroids 



Week 2 



Week 2 



Salzman’s-like nodule(s) can persist to 3 months postop 



tPRKCXL OU 
Artisan OD 
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UCVA 20/25  UCVA 20/30 



Cornea OCT 
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Corneal OCT 

Corneal OCT cross section showing the depth 
 of the CXL process at two-thirds to  
three-quarters of the central cornea 
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Athens Protocol: 
OCT 
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Artisan/Verisyse 
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Cache 
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Methods/Results 
  
• 15 eyes of 8 consecutive patients were evaluated pre‐ and 

6 months post‐operatively for: age, UCVA, BSCVA, 
refraction, cylinder (C), topographic cylinder change (TCc), 
endothelium (ECC and possible complications.  

• The mean age was 27 years and mean values pre‐ and post‐
op were respectively: UCVA: 20/400, 20/25, BSCVA: 20/25, 
20/18, Spherical equivalent reduction from 10.2 to 0.5 
diopters, C: ‐1.75D, ‐1.25 D, TCc: ‐0.35, ECC: 2650, 2550. No 
complications were encountered in his small group. 

.  

Kanellopoulos MD 



Risks of phakic IOLs 

Risk for papillary block 

Potential need for a peripheral iridectomy 

Cataract formation due to lens injury during the 
procedure 

Glaucoma due to angle obstruction 

Dislocation in the posterior pole 

Pigment dispersion 



Potential limitations 

AC depth 

Calculation of white to white‐potential misfit 

Addressing high astigmatism‐toric? 

The lens centers in the AC, not the pupil 

Long term Endothelial cell studies necessary 

Potential risk for retina complications needs to 
be assessed by larger studies 
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Conclusions 

Phakic IOLs appear to be safe and effective in 
high residual myopia and/ or anisometropia 
after CXL stabilization or PRK/CXL 
combined simultaneous technique (Athens 
Protocol) 

Anticipation of future flattening 
Eye rubbing-ECC 
Toric or even customised toric IOL in the future 



Athens Protocol and severe scar 
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No epithelial defect 
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10 minutes postop 
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8 months follow-up 
No regression of the flattening effect! 
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8 months follow-up-no regression! 
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OCT pach difference 8mos 
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OCT images pre-post 8 mos 
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Femto-assisted intracorneal implantation of 
acrylic keratoprosthesis after CXL in KCN 
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Thank  You! 
 
Professor of Ophthalmology  
NYU, New York October 6th, 2010 
 


