
!"#$%%&'&(%&)*+,-

Refractive CXL! 
 

A. John Kanellopoulos, M.D.1,2 

 
1New York University School of  Medicine, New York, NY, USA 
2Laservision.gr Institute, Athens, Greece 
 

AJK is a consultant for Alcon, Wavelight and Avedro. 



!"#$%%&'&(%&)*+,-

Our Athens teamÕs CXL innovations: 

•! Combining high fluence CXL with topo-guided reshaping 
of  irregular corneas: 2005 

•! Higher fluence: 2006 
•! Intrastromal treatments through femto-pockets: 2007 
•! LASIK Xtra: 2008 (ESCRS) 

•! LASIK Xtra for hyperopia: 2011 (ASCRS) 
•! Creating CXL differentials within the cornea: 2013 (AAO) 
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Is CXL a refractive procedure?  
Most investigators speak of  Òdisease reversalÓ when flattening occurs after CXL in ectasia 

This is a simple 3mW CXL-alone case from 2005 
No scar developed, Now 2013 has Flattened 12D!!! 

.-
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•! The creation of  CXL differentials 
within the cornea can have a 
refractive effect 

•! First presented in the 2012 CXL 
meeting in Geneva 

•! Published: JRS 2013: Kanellopoulos AJ 
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R E P O R T

Very High Fluence Collagen Cross-
linking as a Refractive Enhancement 
of a Regressed Previous Astigmatic 
Keratotomy

Anastasios John Kanellopoulos, MD

ABSTRACT

PURPOSE: To report a novel application of collagen cross-linking 
(CXL) in refractive astigmatic enhancement of previously per-
formed astigmatic keratotomy.

METHODS: A 28-year-old woman with prior history of bioptics 
correction of high myopic astigmatism with femtosecond laser-
assisted astigmatic keratotomy followed by topography-guided 
LASIK showed long-term regression of the astigmatism 4 years 
later. A novel CXL application was employed in an attempt to re-
verse the regression of the astigmatic keratotomy.

RESULTS: The high fluence CXL intervention resulted in correc-
tion of 2 diopters of topographic and refractive cylinder. Uncor-
rected distance visual acuity changed from 20/50 to 20/20 and 
refraction from -0.50 -2.00 @ 90 to +0.25 -0.25 @ 90 at the 
7-month follow-up.

CONCLUSIONS: A possible novel application of high fluence CXL 
with refractive cornea effect is introduced. It may offer rapid and 
simple rehabilitation and its effect may be tapered.

[J Refract Surg.  20XX;XX(X):XX-XX.]

I ncisional corneal astigmatic keratotomy has been 
employed for many years to reduce corneal astig -
matism. Among other parameters, corneal healing 

may affect the intervention efÞcacy. We have observed 
signiÞcant regression from the initial effect in astig -
matic keratotomy, including femtosecond laser-assist -
ed astigmatic keratotomy (unpublished data).

CASE REPORT
A 28-year-old woman had undergone femtosecond 

laser-assisted paired astigmatic keratotomy 4 years 
previously followed by a topography-guided LASIK 
procedure 3 months later. Her initial refractive error 

was -8.00 sphere and -6.00 cylinder at 95¡, and similar 
treatment was performed in her left eye. Her preopera -
tive corneal thickness of 530 µm did not permit full 
correction through a LASIK procedure because that 
would leave residual stroma less than 300 µm, which 
is the cut-off in our practice.

Postoperative uncorrected visual acuity was 20/20, 
with refraction +0.25 -0.50 @ 90. She was lost to fol -
low-up for 3 years but was then evaluated before cross-
linking treatment for her postoperative care, complain -
ing of reduction in her uncorrected visual acuity in the 
right eye from 20/20 to 20/50. Her refraction revealed 
-1/-2 diopters at 95¡ AQ1 and her corneal topographic 
measurement showed evidence of astigmatic keratot -
omy regression with 2 more diopters of with-the-rule 
astigmatism in the left eye on topography ( Figure 1 ). 

We offered the patient the possibility of revising 
the astigmatic keratotomy incisions and performing 
high-ßuence corneal collagen cross-linking (CXL) to 
enhance the astigmatic keratotomy effect without fur -
ther corneal thinning and/or astigmatic keratotomy in -
cision extension. We reopened the astigmatic keratot -
omy incisions with a blunt Sinskey hook and infused 
the riboßavin 0.3% solution (Vibex Xtra AQ2; Avedro, 
Waltham, MA) within the incision gutters. We allowed 
the solution to soak within both reopened astigmatic 
incisions for 60 seconds, then removed all of the re -
sidual riboßavin from the corneal surface and the con -
junctiva with a dry Weck-cell sponge. We then applied 
high-ßuence CXL 45 mW/cm 2 with the KXL device 
(Avedro) for 2.5 minutes, for total ultraviolet energy 
delivered of 7 Joules.

We evaluated the patient 1 day, 1 week, and 1, 3, 
and 7 months postoperatively. Figure 1  demonstrates 
the correction of most of the regressed cylinder by 2 
diopters. 

DISCUSSION
We previously reported on high-ßuence CXL 1,2 and 

along with other investigators have alluded to its po -
tential application in inßuencing refractive change 
of the cornea.3,4 Regression of astigmatic keratotomy 
has been reported as a previously studied factor. 5 We 
have described using anterior segment optical coher -
ence tomography imaging to assess the corneal CXL ef -
fect.6 We theorize that in the case reported herein the 
refractive effect is achieved by this exact CXL mecha -
nism. This intervention may create a signiÞcant Òdif -
ferentialÓ between cross-linked and nonÐcross-linked 
cornea stroma. As a result, the cross-linked stroma 
contraction may create a biomechanical tissue and 
refractive shift that may explain the clinical Þndings. 
There are reports of combining microwave technology 7 
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Prophylactic higher fluence CXL in LASIK 
a novel technique 

 

•! Henry Perry, MD and A. John Kanellopoulos, MD 
•! Clinical Associate Professor New York University Medical School 
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CXL meeting!
Dresden 08 
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Hyperopic LASIK  
A drop of 0.1% riboflavin sodium phosphate 

solution, just prior to its spread over the exposed 
stromal bed  
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Compelling clinical CXL evidence in  
the contralateral eye Hyperopic LASIK Xtra group 
CXL here appears to have a refrative effect through 

biomechanical stabilization in hypropic LASIK 

Published: Kanellopoulos and Cahn JRS Nov 2012 



!"#$%%&'&(%&)*+,-

Novel Avedro KXL-II Device 
Riboflavin penetration captured 
 by Build Ðin Scheimpflug image 
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Methods 
We treated 30 consecutive cases of 
partially sighted eyes with 5 different 
treatment patterns: 
•! Transepithelial myopic pattern+plus O2 
•! Myopic pattern following PTK (5mm 

OZ, 50 um) 
•! Transepithelial toric pattern+O2  
•! Transepithelial customised topography-

guided pattern+O2 
•! Presby-Hyperopic pattern, after donut-

like PTK (50micron 6-9mm oz) 
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Myopic profile central 4mm OZ transepi 
4min Paracel+6min VibexXtra 

  



!"#$%%&'&(%&)*+,-

Myopic profile central 4mm OZ transepi 
4min Paracel+6min VibexXtra 

  

Case 1 
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Myopic profile central 4mm OZ transepi 
4min Paracel+6min VibexXtra 

  

Case 2 
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Myopic profile central 4mm OZ transepi 
4min Paracel+6min VibexXtra 

  

Case 2 
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Custom profile (topo-guided) transepi 
4min Paracel+6min VibexXtra 
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Irregular astigmatism treatments 
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PiXL topo-guided 7 months 
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Irregular astigmatism treatments 
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Toric profile-transepi:  
4min Paracel+6min VibexXtra 
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8 month topography-customised "
tran-epithelial CXL treatment  

www.brilliantvision.com 
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Customized astigmatism correction 
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Transepi toric CXL: 
1-8 month validation 

 of  transepithelial Toric 
PiXL! 

No significant 
 epi changes 
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Myopic profile central 4mm OZ 
 with 6mm PTK epithelium scrape 
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6 months myopic treatments 4D flattening ! 



!"#$%%&'&(%&)*+,-

6 month PTK + myopic treatments 
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Ò profile HyperopicÓ oz 6-9mm 
Òhyperopic PTKÓ 6-9oz 30 microns 
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The myopic shift  
(hyperopia-presby treatment) 
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Hyperopic treatment 180 days 
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Another similar case 180 days 
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Placido topo data 
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8 weeks hyperopic (presby)! 
No epithelial changes  

PiXL 

!  
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Custom CXL profile used in a KCN cornea:  
Inner ring: 12Joules, middle: 10J, outer 8J 
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After topo-guided PiXL 
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Topo-guided like changes achieved! 
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KCN s/pAthens Protocol in 2006 residual cone and cylinder 
3 months afetr PiXL 
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Pre-post PiXL 
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PiXL for KCN case 2 
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Hyperopic/presby PiXL 8 mos 
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Topo-
custom 
cylinder 

correction 
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2 X 60 degrees at 6mm OZ plus flash CXL: 
45mW/cm2 for 3 min 
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Femto-assisted 
AK Xtra 
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2 X 60 degrees at 6mm OZ plus flash CXL: 
45mW/cm2 for 3 min 
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Conclusions 
•! CXL differentials can provide 

corneal refractive changes (as they 
always had with classic CXL in a 
ÒcrudeÓ way!) 

•! Photorefractive intrastromal CXL 
treatments with the KXL II have 
proven safe and effective 

•! The clinical experience of  7 months 
now proved effective and safe! (no 
scarring, haze) 

/0$)$#1"2&#-341%$-5&$)-6$0$-
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Thank you Dave, BJ, David and Artie! 


