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CXL innovations 

•  Higher fluence 
•  Intrastromal treatments through femto-pockets 
•  Combining high fluence CXL with topo-guided 

reshaping of  irregular corneas 
•  LASIK Xtra 
•  LASIK Xtra for hyperopia 
•  Creating CXL differentials within the cornea 

www.brilliantvision.com 



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



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

•  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 
1Journal of Refractive Surgery 

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.]

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

may affect the intervention efficacy. We have observed 
significant 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ed astigmatic keratotomy (unpublished data).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-fluence 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 riboflavin 0.3% solution (Vibex XtraAQ2; 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 riboflavin from the corneal surface and the con-
junctiva with a dry Weck-cell sponge. We then applied 
high-fluence CXL 45 mW/cm2 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-fluence CXL1,2 and 

along with other investigators have alluded to its po-
tential application in influencing 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 significant “dif-
ferential” between cross-linked and non–cross-linked 
cornea stroma. As a result, the cross-linked stroma 
contraction may create a biomechanical tissue and 
refractive shift that may explain the clinical findings. 
There are reports of combining microwave technology7 
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Methods 
We treated 30 consecutive cases of 
partially  
sighted eyes with 5 different treatment 
patterns: 
•  Transepithelial myopic pattern+O2 puls 
•  Myopic pattern following a 5mm OZ 

PTK of 50 um 
•  Transepithelial toric pattern+O2 puls 
•  Transepithelial customised topography-

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

like PTK (50micron 6-9mm oz) 
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Avedro KXL-II Device 
Riboflavin penetration captured 
 by Build –in Scheimpflug image 
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Toric profile-transepi:  
4min Paracel+6min VibexXtra 
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Toric PiXL! 

www.brilliantvision.com 



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

Toric PiXL! 
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Myopic profile central 4mm OZ after 5mm 50um PTK 
10min VibexXtra 
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6 weeks myopic treatments 4D flattening 
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6week PTK + myopic treatments 
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“ profile Hyperopic” oz 6-9mm 
“hyperopic PTK” 6-9oz 30 microns 
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6 weeks hyperopic (presby) 3 D refractiev change  
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6 weeks hyperopic (presby)  
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6 weeks hyperopic (presby) epithelial response   
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Conclusions 
•  CXL differentials can profile 

corneal refractive changes 
•  Photorefractive Intrastromal CXL 

treatments with the KXL II have 
proven safe and effective 

•  Future customised pattern CXL 
treatment options become 
unlimited 
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Conclusions 
•  This work opens yet another 

frontier in CXL and refractive 
surgery 

•  Long term results will further 
validate permanence 

•  Refractive and/or presby 
enhancement with laser in these 
cases would be interesting to study   
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Ongoing studies: 
•  Long term epithelium response 
•  Light scatter: C-quant and OQAS HD analyzer HD from 

Visiometrics-preliminary data show no difference in liht 
scatter aftr first week with LASIK Xtra 
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Thank you Dave and Artie! 
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Thank you! 
3D Athens: 

Sep 14th 2013 
all lectures: 

http://www.hellasnews.tv/laservision/  
and next  

Oct 4th, 2014! 
Please visit: 

 
 

www.laservision.gr 
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